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Dear Sir 

I, Michael Graham, Ph-D., declare as follows: 

1. I am a named inventor of the subject matter in the above-identified reexamination. I 
am a resident and citizen of Australia. During the period of December 1997 through the 
filing of the priority document for the patent under reexamination, I was a research scientist 
in Australia. During this period Robert Rice and Margaret Bernard were under my direction 
and supervision. 

2. I have reviewed the above-identified reexamination, including the present claims. As 
I understand it, the presently claimed subject matter is generally directed to genetic constructs 
that are capable of delaying, repressing or otherwise reducing the expression of a target gene 
in an animal cell, as well as methods for using these constructs arid animal cells comprising 
these constructs. I understand that the presently claimed constructs comprise at least one 
structural gene sequence placed operably in a sense orientation under the control of a 
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promoter and at least one structural gene sequence placed operably in an antisense orientation 
under the control of a promoter, where the structural gene sequences comprise a nucleotide 
sequence which is substantially identical to at least a region of a target gene, and where 

a* the multiple structural gene sequences are placed operably under the control of 
a single promoter sequence, where optionally the structural gene sequences in 
sense and antisense orientations are spaced from each other by a nucleic acid 
staffer fragment; or 

b. the structural gene sequences in sense and antisense orientations are each 
placed operably under the control of individual promoter sequences. 

3. I am aware of the rejections issued in an Office Action mailed January 24, 2007, in 
the pending reexamination. I understand that a rejection in the Office Action was based on 
the teachings^ Fire U.S. Patent No. 6,506,559 (the 'Tire reference"). The Eire reference 
was filed in late 1998, and claims priority to U.S. Serial No. 60/068,562 (the "Fire priority 
application") filed December 23, 1997, less than a year before the eflfective filing date of the 
patent under reexamination in the United States. It is my understanding* that to show prior 
invention, the Examiner is requiring that I provide evidence of conception prior to the date of 
filing of the Fire priority application and then the Examiner is requiring that I show diligence 
from just before the filing date until reduction to practice or constructive reduction to practice 
of my own invention. 

4. Exhibit I is a copy of laboratory notebook pages showing my preliminary work in 
plants. My early work on genetio constructs for reducing expression of a target gene was in 
plants and I spent significant amounts of time trying to produce such constructs. I consider 
this work important to my present invention because the layout of the constructs in plants was 
the basis for my later attempt in an i mal s. This Exhibit was previously submitted in the June 
12, 2006, 37 GFJfL § 1.131 declaration. I conceived the subject matter of the presently 
claimed invention prior to December 23, 1997. Evidence for conception before the date of 
the Fire priority application includes laboratory notebook pages 107 - 108, which show one 
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of my first attempts to make a genetic construct which was designed to express both sense 
and an n' sense RNAs from multiple copies of a nucleotide sequence under the control of a 
promoter. Page 108 in particular shows my drawing of a "Hairpin GUS" construct that 
includes two copies of a structural gene sequence in the antisense and sense orientation, 
expression of which was driven by a single promoter. Laboratory notebook pages 1 10 - 121 
show my additional experiments to build constructs with structural gene sequences in a sense 
and antisense orientation. Laboratory notebook pages 130 - 32 show experiments where I 
attempted to make expression cassettes containing two promoters designed to express 
separate sense and antisense RNAs. Laboratory notebook pages 138, 145, 147, 150, 151, 
159, 169, 175, 181-192, 206, 216, 229 and 266 show experiments where I continued to try 
and create genetic constructs expressing separate sense and antisense RNAs. Laboratory 
notebook pages 138, 145, 150, 153, 158, 16S, 168. 172, 175, 182, 185, 195, 197, 198, 200, 
210, 227, 229, 240 and 254 show experiments where I developed constructs in which the 
structural genes were orientated in a sense and antisense orientation, some of which were 
controlled by separate promoters. I understand that this is evidence of a conception of 
genetic constructs of the same type as those of the churned invention earlier than the priority 
date of Fire rather than tho earliest conception of the claimed invention, which occurred 
before these notebook entries. 

5. Further evidence of conception before the date of the Fire priority application includes 
the June 6, 1994 letter from CSIRO to John Slattery, as indicated in Exhibit 2. This Exhibit 
was previously submitted in the June 12, 2006, 37 C.F.R. § 1.131 declaration. In this letter, 
my employer at the time, CSIRO, requested from Mr. Slattery an opinion on me patentability 
of my new constructs that I believed would "be useful in inanmalian systems", as I indicated 
on the last page of me attachment Attached to me letter is my idea to create constructs such 
as the subject matter in the above-jklentified reexamination. For instance, the second figure, 
Case 2, is a construct comprising a single promoter that transcribes two structural gene 
sequences in. an inverted repeat to form a transcript with a "hairpin" structure, where the 
inverted repeat is not separated by a staffer fragment This figure shows my idea of making a 
construct like me construct of Claim 3. The third figure, Case 3, is a construct comprising 
two copies of a structural gene sequence, where one copy is placed operably in the sense 
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orientation under the control of an individual promoter and the other copy is placed operably 
in the antisense orientation under the control of a separate promoter. Case 3 therefore shows 
xny idea of making the construct of Claim 4 and indicates I had conceived of this invention on 
or before June 6, 1994. 

6. Exhibit 3 is an early outline for a provisional patent application which I prepared on 
August 8, 1995. In this draft, I discuss decreasing gene expression in animals by use of novel 
transgene designs. This Exhibit was previously submitted in the June 12, 2006 37 C.F.R, 
§ 1.131 declaration. 

7. Exhibit 4 is a draft of an unpublished manuscript which I prepared on Tune 21, 1996. 
This Exhibit was previously submitted in the June 12, 2006, 37 C.FJL § 1.131 declaration. I 
prepared this article for publication in a journal to try and demonstrate the widespread 
existence of an RNA degradative system in plants and other organisms based on a re- 
interpretation of the literature that existed at that time. While genetic constructs were not 
described in this document, their development was based on ideas presented therein, 
specifically I wished to design constructs to switch this RNA degradative system -on more 
efficiently in transgenic organisms. I discussed evidence that this RNA degradative system 
existed in a nimals in the section titled 'Tost-transcriptional gene inactivation in other taxa" 
and believe this document demonstrates my thfnlrfng at that time, namely the types of 
constructs that might work in plants would also work fa animals 

8. Exhibit 5 is a draft of a proposal I prepared on November 29, 1996, proposing that 
genetic constructs for gene silencing would prove effective in animals. This proposal was 
important because budgetary limits at Benitec (then called Ag-Ctaae and my employer at that 
time) inhibited my ability to conduct all of the research I intended for target gene 
inactivation* In this proposal, I discuss the genetic constructs I previously created for plants 
and how I wanted to create "multiple gene constructs, the use of direct and inverted 
sequences and the design and use of RNA stabilizing sequences" to decrease gene expression 
in animals. When our funding increased, we promptly hired Robert Rice to work on post- 
transcriptional gene silencing in animal cells. 
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9. Exhibit 6 shows further evidence of my conception before the date of the Fire priority 
application. This Exhibit was previously submitted in the June 12, 2006, 37 CFJR. § 1.131 
declaration- Laboratory notebook pages 52 - 55, which are from May 1997, show how I 
conceived a genetic construct design to express hairpin RNAs where the construct had a. 
staffer fragment inserted between the two copies of the nucleotide sequence, where one of the 
sequences was in a sense orientation and the other sequence was in an antisense orientation 
relative to the promoter. I consider this Exhibit important because previously I had difficulty 
creating inverted repeat constructs without a sniffer fragment due to instability of such 
constructs in R colL The insertion of the staffer fragment between the inverted repeat 
sequences allowed me to readily make such constructs, and as such I planned to incorporate 
this idea into the genetic constructs for reducing expression of animal genes, Tims, compared 
to constructs without a stuffer fragment, the inverted repeat constructs with a stufJer fragment 
were superior. 

10, I understand the Examiner would LQce to see the diligence to reduce my invention to 
practice between the Fire priority date of December 23, 1997, and the '099 patent priority 
date of March 20, 1998- As such, I detail below the events that occurred. To assist the 
Examiner, I also include a calendar of December 1997, and January - March 1998. 



December 1997 

Su Mo Tu We Th Fr Sa 

1 2 3 4 5 6 

7 8 9 10 li 12 13 

14 15 16 17 18 19 20 

21 22 23 24 25 26 27 
28 29 30 31 

7:lb 13:o 21:<i 29:m 
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January 1998 

Su Mo Tu We Th Fr Sa 
12 3 
4 5 6 7 8 9 10 
11 12 13 14 15 16 17 
18 19 20 21 22 23 24 
25 26 27 28 29 30 31 

5;© 1ZO 20;3 28^ 



February 1998 

SuMoTu WeTh Fr Sa 
1 2 3 4 5 6 7 
8 9 10 11 12 13 14 
IS 16 17 18 19 20 21 
22 23 24 25 26 27 28 



3:© I ISO 19*J 26:# 



March 1998 

SuMoTu We Th Fr Sa 
1 2 3 4 5 6 7 
8 9 10 11 12 13 14 

15 16 17 18 19 20 21 

22 23 24 25 26 27 28 

29 30 31 

5;© IZ-O 21:3 27;* 



11. When Ag-Gene funding increased in late 1997, we promptly pursued hiring Robert Rice 
to work on preparing gene constructs for gene silencing in animal cells, corresponding to the 
designs I had conceived. From what I recall, we at Ag-Gene started discussing hiring Dr. 
Rice in October 1997. We wanted to work with Dr. Rice because be had extensive 
experience in a range of molecular biological techniques and plasmid design and 
construction. Dr. Rice's thesis topic was eukaryotic evolution and studying eukaryotic 
divergence using ribosomal RNA sequence data and secondary structure remodeling. As 
such, Dr. Rice also had experience with use of computers for systematic / bioinformatics 
analysis of DNA / RNA sequences. 

12. On December 8, 1997, 1 decided to target the polymerase gene of the bovine enterovirus 
(BEV) as an exemplary target gene in animal cells. This gene was chosen because it could be 
easily determined whether the expression of constructs based on die gene had an effect on 
viral replication in animal cells. Specifically, since infection of Mabin Darby (MDBK) cells 
with BEV normally kills litem, we could therefore determine whether expression of 
constructs in' transformed cells might inhibit viral replication simply by. determining whether 
such transformed cells show prolonged survival following challenge with the virus under 
standardised conditions. Further, we knew that the BEV polymerase may be amplified using 
the polymerase chain reaction or alternatively, isolated using standard hybridisation 
techniques. With the assistance of Margaret Bernard (TMs. Bernard"), I printed out the 
sequence of the polymerase gene of BEV, see Exhibit 7, page 2. (indicating the sequence was 
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printed at 3:13pm on December 8, 1997). Again with the assistance of Ms. Bernard, I 
designed a pair of oligonucleotide primers to amplify a region of the REV gene. These 
primers, designated BEV-1 and BEV-2 (pages 2-3 of Exhibit 7) were ordered by Ms. Bernard 
from a commercial supplier under my instruction on December 9, 1997. (See, Id. at 1, lower 
entry: the notation the primers were ordered December 9, 1998 is in error; they were ordered 
December 9, 1997 as evidenced by their entry on the notebook page of December 9, 1997 and 
their use on January 6, 1998). These primers were available for use by Ms. Bernard on 
January 6, 1998. We continued with BBV as a target gene all the way to actually practicing 
the invention, as can be seen in the figures in the patent application that we filed. 

13. On or about December 8, 1997, 1 mentioned to Ms. Bernard that as soon as possible she 
would be devoting a greater amount of her time for work on a project with the new Research 
Scientist, Dr. Rice, in preparing me gene constructs for the animal target gene, in particular 
the constructs targeting BEV. 

14. Dr. RiCe arrived to commence employment on the "animal project" on December 21, 
1997. On that day or the day after, I met with Dr. Rice and described to him in detail the 
types of constructs that! had envisaged for reducing expression of a target gene. The first 
type of construct was an inverted palindrome construct without a staffer fragment Claim 3 of 
my patent under this reexamination is to the inverted palindrome construct without the staffer 
fragment and claim 7 is to a method of using the construct The second type of construct was 
an inverted palindrome construct with a staffer fragment Claim 5 is to the. inverted 
palindrome construct with the staffer fragment and claim 9 is to a method of using the 
construct Finally, I wanted to make a construct with two copies of a gene sequence where 
each copy was under the control of a separate promoter. Claim 4 is to this type of construct 
and chum 10 is to a method of using this construct On the days following, I had further 
discussions with Dr. Rice about these types of constructs. 

15. The laboratory facilities of Ag-Gene were located at the Queensland Agricultural 
Biotechnology Centre (QABQ, an operational centre of the Queensland State Government's 
Department of Primary Industries. The Queensland State Government provided paid leave 
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for Christmas day (December 2S\ Boxing Day (December 26) and New Year's Day (January 
1). Further, the Queensland State Government mandated that all State Government 
employees do not work on the days between December 26 and January 1. As such, the 
QABC laboratories and offices were closed from December 25, 1997 to January 1, 1998. 

16. Dr. Rice and I met several times between December 21, 1997 and mid-January 1998 to 
discuss cosupprcssion in animal cells and the types of DNA constructs we wanted to prepare. 
We decided to build a range of constructs with the following structures: linear repeats, that is 
constructs containing a block of repeated DNA sequences in sense or in an antisense 
orientation; inverted repeats, that is constructs containing two inverted DNA sequences either 
with or without a DNA spacer sequence inserted between the inverted sequences; and a 
construct with two promoters expressing a sequence in the sense and antisense format 

17. Prom January 1998 to March 1998, Dr. Rice designed approximately 40 plasmid 
constructs. Exhibit 8 contains approximately 35 plasmid constructs he designed, most of 
which are also found as figures of die '099 patent 

18. When Ms. Bernard returned from her Christmas vacation on January 5 or 6, 1998, Dr. 
Rice and I informed her that we wanted her to prepare certain BEV constructs. We described 
the land of constructs we wanted, namely the three constructs discussed above in paragraph 
W. Ms. Bernard, with my assistance, was to start preparing the BEV constructs. See, Exhibit 
7 at page 1. In the meantime, Dr. Rice was to use a computer program to design further 
genetic constructs. Dr. Rice and I explained to Ms. Bernard that the overall aims of the 
experiments were to << use Bovine enterovirus as a model system to study cosupprcssion in 
mammalian colls," which Ms. Bernard recorded in her laboratory notebook at page 2. Ms. 
Bernard took further notes from our talk, writing down the polymerase gene fiom BEV was 
to be used as the sequence for the en Id. Ms. Bernard states in her notes that 
once the constructs were prepared, she was going to *transfect mammalian cell line with 
constructs, probably using the Mabin Darby Bovine Kidney (MDBK) endothelial cell line." 
Id. The cells would then be challenged with BEV. Id. Ms. Bernard then describes the initial 
constructs. Id. 
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19. The first construct to be made was a BEV polyinerase-GFP gene fusion in the vector 
pEGFP-Nl . Id. In this arrangement, the CMV promoter of pEGFP-Nl lay upstream of the 
BEV sequence* while the EGFP sequence was placed downstream of and joined to the BEV 
sequence. Both the BEV and EGFP sequences were designed to be transcribed conjointly by 
the CMV promoter. The GFP domain was to he used as a marker to indicate BEV-pol 
positive cells lines and determine whether cosuppression could be detected by transient 
transfection of BEV-pol positive cells with GFP cDNA. The next construct was similar to 
the BEV polymerase-GFP fusion construct above, except that the EGFP sequences would be 
removed and only the BEV sequence would be transcribed from the CMV promoter. Id. The 
next construct describes the use of double promoter constructs (Le. 9 having two promoters) 
with the BEV sequence being expressed in sense and antisense format. 

20. The January 7, 1998 entry demonstrates Ms. Bernard was cloning the BEV polymerase 
gene into the carrier plasmid vector pCR2.1. Id. at pages 2-7. I planned to have her to 
clone the BEV polymerase gene into pCR2.1, which was the first step of making the BEV 
polymerase-GFP fusion in the vector pEGFP-Nl. Once the BEV polymerase-GFP fusion 
was in the pEGFP-Nl vector, we planned to use a BgEQ/BaroHl cloning strategy that would 
result in two alternative fusion constructs where the BEV gene sequence would be cloned in 
the sense or antisense orientation. Dr. Rice and I believed that once we had the two fusion 
constructs, we could easily insert the second copy of the BEV gene sequence in the sense 
and/or antisense orientation into the constructs. This was an element in making the constructs 
we later claimed in the '099 patent 

21. The primers BEV- 1 and BE V-2 were used to PCR amplify the BEV polymerase gene 
sequence, corresponding to a DNA fragment of about 1.4 kilobases. We then cloned the PCR 
product into the pCR 2.1 plasmid vector. Id. 

22. The January 8, 1998 entry demonstrates Ms. Bernard continued the work of January 7, 
1998. Id. at page 8. 
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' 23. The January 9, 1998 entry demonstrates Ms. Bernard continued the work of January 7, 
1998. Id. at pages 8 -9. 

24. January 10, 1998 was a Saturday and the laboratory was closed. 

25. The January 11 and 12, 1998 entry demonstrates Ms. Bernard took steps to grow the 
clones obtained for the invention, Id. at page 9. 

26. The January 13, 1998 entry demonstrates Ms. Bernard took further steps to clone BEV 
into the PCR2.1 and pEGEP. Id. at page 10. Further, Ms. Bernard describes how she 
validated the successful cloning of the BEV polymerase gene sequence into pCR2.1 and 
confirmed this by endonucleaso restriction mapping. Id. 

27. The January 14 - 16, 1998 entry demonstrates Ms. Bernard took steps to the make the 
BEV polyraeruse-GEP fusion in the vector pEGFP-Nl. Id. at pages 11-14. Specifically, 
Ms. Bernard used a BgTE/BamHl cloning strategy that resulted in two alternative fusion 
constructs where the BBV gene sequence was cloned in the sense or antisense orientation. Id. 
As previously mentioned, the BgDI/BamHl cloning strategy that results in two fusion 
constructs which could be used to easily insert the BEV gene sequence in the sense and/or 
antisense direction into other constructs. 

28. January 17-18, 1998 was a Saturday and Sunday and the laboratory was closed. 

29. The January 19 - 20, 1998 entry demonstrates Ms. Bernard continued the work of 
January 14 - 16, 1998. Id. at pages 14-16. 

30. The January 21- 23, 1998 entry demonstrates Ms, Bernard used PGR to check for the 
presence of the BEV insert Id. at pages 16 - 19. Ms. Bernard drew three diagrams depicting 
the location of the primers and the expected orientation of the BEV DNA sequence for each 
PGR product Id. Unfortunately, Ms. Bernard encountered problems and the results were not 
as expected. Id. at page 17. We discussed the matter and agreed that she should try to clone 
the BEV polymerase gene sequence into die pEGFP-Nl again. 
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The January 21, 1998 entry demonstrates Dr. Rice used a software program to finalize 
bis computer designs of pOUJgtGFP.Bam, pCMV.Virus and pCR2.1, which I believed 
important to continue development See, Exhibit 8 at pages 1 - 3. 

32. As the January 22, 1998 entry demonstrates, Dr. Rice finalized the designs of the 
constructs PCMV.BEV.2, pCMV^EVnt, pCMV.BEV.GFP.VEB, pCMVVEB 
PEGFP.BEV.1, PCMV3EV.VEB, and pCMVBEV^ which I believed important to' 
continue development of the invention. See, Exhibit 8 at pages 4 -10. Dr. Rice and I were 
pleased with these designs. The idea we had was that once Ms. Bernard cloned the BEV 
polymerase gene sequence into the pEGFP-NI, we could construct pCR3EV2 
Construction of the pOLBEV.2 was important to reducing the invention to practice because 
it could be used to form the constructs we had conceived corresponding to our claims. 

33. For example, in one plan we wanted to subclone the BEV sequence from the 
P^BEV.2m me antisense orient^ The 
pCMV.BEV.VEB construct comprises an inverted palindrome of BEV under the control of 
one promoter. As such, this construct would fall within at least claim 3. This construct is 
also presented schematically as Figure 14 of the '099 patent We also wanted to make the 
above plasmid pCMV3EV.GFP.VEB. This plasmid comprises an inverted paiindrome of 
the BEV sequence under the control of one promoter with GFP as a staffer fragment As 
such, this construct would fall within at least claim 5. To make this plasmid, we would 
subclone the GFP from pCR.BglGFP.Bam into pCMVBEV.2 to produce pCMVBEV.GFP 
We then planned to insert the second BEV sequence in an antisense orientation. The 
xesultmgplasmid, pCMV3EV.GFP.VEB, is presented schematically as Figure IS of the '099 



34. January 24 and 25, 1998 was a Saturday and Sunday and the laboratory was closed. 

35. The January 26 - 28. 1998 entry demonstrates Ms. Bernard again attempted m clone the 
BEV polymerase gene sequence into pEGFP-Nl. Exhibit 7 at pages 20-24. 

36. From January 29 - February 1, 1998, the transformed cells were allowed to grow. 
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37. The February 2, 1998 entry demonstrates that the results of the transfornnition were 
analyzed and new ligations were set up. Id. at pages 25 - 26. Ms. Bernard again encountered 
problems. As page 25 of Ms. Bernard's notebook indicated, I discussed the results with her 
and recommended she try again but instead amend the method As such, Ms. Bernard again" 
set up experiments to clone the BEV polymerase gene sequence into pEGFP-Nl. Id. at page 



26 



38. 



Ms. Bernard allowed the DHSa chemically competent cell grow on February 3 1998 
Id. at page 37. 

39. The February 4 - 6, 1998 entry demonstrates ligations were transformed into the DHSa 
chemically competent cells. Id. at pages 27 - 30. The transforms were then PGR 
screened. Id. at page 30. 

.40. February 7, 1998 was a Saturday and the laboratory was closed. 

41. The February 8 - 11, 1998 entry demonstrates Ms. Bernard's experiments continued 
f 41 ^ 3 1" 36. We were pleased to find that Ms. Bernard succeeded in obtaining a 
Condone. /* at page 33. As such, Ms. Bernard went on to sequence the fusion clone to 
confirm the sequence was in the clone. 74 at page 36. Further, Ms. Bernard hand drew a 
diagram depicting the location of the primers and expected orientation of the BEV-GFP 
sequence. Id. 

42. February 14 - 15 was a Saturday and Sunday and the laboratory was closed 

pLf"^ The 
February 17i ,998 entry demonstmtea Ms. Bernard started cloning four new constructs, 
jelyfceconst^ 

Pages 37 - 39. pCR.BBV2 was a construct cornprising BEV-pol that could later be used to 
F"f«. expression constructs in a sense orientation, or alternatively in an antiaense 
one^tum. As previously stated, pCR.BEV2 was an element of reducing die invention to 
practee because it could be used to form the oonstmets of our claims, including the 
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pCMV.BEV.YEB construct which comprises an inverted palindrome of BEV under the 
control of one promoter. The pCMV.BEV.VEB construct Mis within at least claim 3. This 
construct is also Figure 14 of the '099 patent pCR.BEV2 was also used to make the plasmid 
pCMV.BEV.GFP.VEB, which contained an inverted palindrome of BEV under the control of 
one promoter with GFP as a staffer fragment As such, mis construct would fall within at 
least claim 5. Ms. Bernard also started to done pCR.BEV3, a construct comprising an 
untranslatable BEV-pol. Ms. Bernard also started to clone pCRBamGFPBglH, which is a 
construct comprising a staffer for use in interrupting BEV-pol sense and BEV-pol and sense 
in a hairpin construct. The EGFP sequence was selected as a staffer because it would be 
useful for deteimming whether the staffer could mediate post transcriptional gene silencing. 
The GFP is flanked by the BamHl and BgHI restriction sites, so the GFP would be easy to 
remove. We planned to use this in our constructs mat contained an inverted palindrome with 
a staffer, such as pCMV3EV.GFP.VEB discussed above. Ms. Bernard also started to clone 
pCMV.caas, which is plasmid pEGFP-Nl except that the EGFP gene sequence has been 
removed. We chose pCMV.cass as a basic plasmid expression cassette for future clones, and 
to later make constructs such as pCMVJBEV.SV40L.VEB, which comprises a BEV 
polymerase placed in the sense orientation to one promoter and another BEV polymerase 
placed in the annsense orientation to another promoter. 

44. The February 18 - 20, 1998 entry demonstrates Ms. Bernard continued her work toward 
making a BEV polymerase-GFP fusion construct Id at pages 40-41. 

45. February 21 and 22 were Saturday and Sunday and the laboratory was closed. 

46. The February 23 - 24, 1998 entry demonstrates Ms. Bernard continued the experiments 
of the previous week Id. at pages 42 - 45. Notably, she identifies the putative fusion clone 
(#61). /Aatpage44. 

47. The February 25, 1998 entry demonstrates Dr. Rice designed the construct of 
pCMV.Lac,.the diagram of which is figure 25 of the '099 patent Exhibit 8 at page II. Dr. 
Rice also designed the construct of pCMV.LACl.pla. Id. at page 12. 
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48. On February 26, 1998, under my and Dr. Rice's direction, Ms. Bernard started to clone 
pCR.BEV2, pCR.BEV3 and pCR.BamGFPBgl by setting upPCRto amplify fiagments for 
the new constructs. Exhibit 7 at page 46. As previously mentioned, 1 wanted to obtain 
POELBEV2 to make the constructs of our claims, including the plasmid pCMVJBEV.VEB 
construct, which comprises an inverted palindrome of BEV under the control of one 
promoter, and the plasmid pCMV.BEV.QFP.VEB, which contained an inverted palindrome 
of BEV under the control of one promoter with GFP as a staffer fragment These constructs 
correspond to at least claims 3 and 5, respectively. 

49. On mis same day, Dr. Rice designed the construct of pCMVLacl .OPRSVl .casa, die 
diagram of which is Figure 26 ofme '099 patent Exhibit 8 at page 13. On this same day Dr. 
Rice also designed the construct of pCMVLacl .OPRSVL. GFP. Id. at page 14. 

50. The February 27, 1998 entry demonstrates Ms. Bernard continued her cloning of 
PCR.BEV2, pCRBEV3 and pCRJBamGFPBgl. Exhibit 7 at page 47. On this same day, Dr. 
Rice designed the constructs of pCMVLacl.OPRSVl.OFlP.cass and pCMV.TYRUOB, the 
diagrams of which ate figures 27 and 24, respectively, of me '099 patent Exhibit 8 at pages 
15-16. Dr. Rice also designed the construct pCMVIjic.OPRSVL.QFP.TYR. Id. at page 17. 

51. February 28 and March 1, 1998 were Saturday and Sunday and the laboratory was 
dosed. 

52. The March 2, 1998 entry demonstrates Ms. Bernard continued her work to clone the 
constructs of pCR.BBV2, pCR3EV3 and pCRBamGFPBgl. Exhibit 7 at page 48. On this 
same day, Dr. Rice designed the construct of pCMV.TYR, the diagram of which is figure 23 
of the '099 patent Exhibit 8 at page 18. 

53. The March 3 - 5, 1998 entry demonstrates Ms. Bernard continued her work to done the 
constructs of pCR.BEV2, pCRBEV3 and pCRJWJFPBgl. Exhibit 7 at pages 49 - 52. 
Notably, Ms. Bernard confirmed the sequence of the clone on page 50 of the laboratory ' 
notebook and the PCR screened the clones on page 51 - 52. 
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54. The March 5, 1998 entry demonstrates Dr. Rice designed the constructs of 
PCMV.O.SV40L.BEV, pCMV.O.SV40LVEB, pCMV.BEV.SV40LO, 
PCMV.BEV.SV40L.R, pCRJBBV.l, pCR.BEV.2, pCTLBEV.3, pCR.SV40L, the diagrams of 
which are figures 17, 18, 16, 22, 6 - 8 and 4, respectively, of the '099 patent Exhibit 8 at 
pages 19 - 22, 24 - 29. On this same day, Dr. Rice also designed the construct of 
pCRJ3gLGFP.Bam. Id. at page 23. 

55. The March 6, 1998 entry demonstrates Ms. Bernard ligated the amplified fragment into 
pPCR 2.1 to obtain pPCR2.l EGFP. Exhibit 7 at pages 53-54. This was men cut with 
BamHl and BgUI to provide a fragment, mat was used to prepare a hairpin construct 
pBEV2.EGFP.VEB2. 

56. On mis same day, Dr. Rice designed the constructs of pCMV.cass, pCMV.SV40L.cass, 
pCMV.SV40LR.cass, pCMV.BEV.SV40L.BEV, pCMV.BEV.SV40L.VEB, the diagrams of 
which are figures 2, 5, 21, 19, and 20, respectively, of the '099 patent Exhibit 8 at pages 29 
- 33. On mis same day, Rice also designed the construct of pCMVJBEV.SV40LR.cass, 
pEGFPJJIMCS. Id. at page 34. 

57. We were excited about the design of the plasmid pCMV.BBV.S V40LVEB because mis 
plasmid comprises a BEV polymerase placed in the sense orientation to one promoter and 
another BEV polymerase placed in the antisense orientation to another promoter. This 
plasmid therefore is an isolated construct of at least claim 4, and indeed corresponds to Figure 
20 of the '099 patent To make this construct, we planned to make a pCMY.SV40L.casa 
plasmid by sub cloning pCR.SV40L into pCMV.cass, and then insert the BEV polymerase 
from Ms. Bernard's pCR.BEV.2 into the sense orientation to make pCMV3EV.SV40LO. 
The BEV polymerase from pCR.BEV.2 would then sub cloned into the antisense orientation 
into the pCMV.BEV.S V40LO to make pCMV.BEV.SV40LVEB. 

58. In anticipation of making the pCMV.BEV.SV40L.VEB clone, on March 18, Ms. 
Bernard started preparing the pCMVxasa construct Exhibit 7 at page 66. 

59. March 7 - 8, 1998 was a Saturday and Sunday and the laboratory was dosed. 
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60. The March 9 - 11, 1998 entry demonstrates Ms. Bernard prepared larger amounts of 
DNA for mammalian cell transfeetions, including pEGFP.BEVl and pEGFP-Nl. Exhibit 7 
at pages SS - 60. Further, the MDBK cells were split in preparation for transformation on 
Monday, March 9, 1998. Exhibit 9 at page 1. 

61. The March 11, 1998 entry demonstrates I tcansfected Mabin Darby Bovine Kidney 
(MDBK) endothelial cells with the pEGFP.BEV.l constructs. Exhibit 9 at pages 1 - 2. 

62. The March 12 - 13, 1998 entry demonstrates Ms. Bernard and I continued our 
respective experiments. Id. at 3; exhibit 7 at pages 61 - 62. 

63. March 14-15, 1998 were a Saturday and Sunday and the laboratory was closed. 

64. The March 16, 1998 entry demonstrates Ms. Bernard obtained the putative clones for 
pCR.BEV2andpCR.BEV3. Exhibit 7 at page 63. On mis day, I continued my transfection 
experiment. Exhibit 9 at page 3. 

65. The March 17, 1998 entry demonstrates Ma. Bernard confirmed the clones had the 
proper insert. Exhibit 7 at page 64. As Ms. Bernard stated, the next experiments were to 
sequence clones with universal forward and reverse primers. Id. On mis same day, I 
conducted kill curves for the Mabin Darby Bovine Kidney cells and started selection of 
constructs. Exhibit 9 at page 4. 

66. From March 18 - 19, 1998, Ms. Bernard confirmed the pCRJBBV2 and pCRJ3EV3 
clones by sequencing. Exhibit 7 at page 67. Further, Ms. Bernard prepared the pCMV.cass 
construct Id at pages 65-66, 68. 

67. The March 20, 1998 entry demonstrates Ms. Bernard continued with transformation of 
colonies. Id, at page 68. The expression cassette pCMV.cass was later confirmed by 
sequencing. On this same day, I continued my kidney cell transfection experiments. Exhibit 
9 at page 5. 
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68. After this reduction to practice, I filed a patent application in Australia that was the 
basis for and was claimed as priority by the patent under reexamination. 

69. I declare that all statements made of my own knowledge are true and all statements 
made on information and belief I believed to be true. 1 make this declaration with the 
Undereta * ding that false statements and the like are punishable by fine or 
iniprisomnent, or both (18 U.S.C. 1001) and may jeopardize the validity of the patent 



Michael Graham jy^ 



Awil 24. 2007 
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FACSIMILE TRANSMISSION 



John Slattery 
"Davies Cdlison Cave 
GPO BOX4387QQ 
Melbourne VIC 3001 



Dear John. 

Re: Patentability of new approach to gene inactivation v 

Attached ts an outline of an idea that Mick Graham has regarding antisense technologies.. We would like to 
get your opinion as to whether we have enough basis to file immediately for a provisional patent 

The concept emerges from the -fact that introduced genes (transgenes) are capable of suppressing 
expression of endogenous genes when the transgenes are in either the normal or reverse orientation. The 
reverse orientation approach has become known as antisense; the normal orientation Is becoming" known as 
sense co-supressioa Both antisense and co-suppression are the subjectof existing patents. 

It has been thought that antisense works by the binding with the opposite endogenous mRNA sequence 
thereby preventing translation of the message, but there has been no definite proof that this Is the method that 
operates in vivo. On its own. such a mechanism cannot account for the co-supressJon that occurs when a 
transgene is inserted in the sense orientation. 

Mick's hypothesis ts that, in some Instances, sense transgenes become inserted in chromosomal positions 
where a partial (or even complete) antisense trariscript Is produced; thus leading to a similar sense/antkense 
mRNA hybrid molecule forming Further It fc suggested that It Is not the* passive tarnation of the rnRNA 
hybrid alone that prevents transJatkOT : (ej^essk>n}. but rather this hybrid Induces an endogenous mechanism 
that destroys such hybrid RNA molecules in a sequence specific way (perhaps the action of a ribonucIeaseT). 
If this proves to be the case It leads to a number of new ways of exploiting this phenomenon, some of which 
are outlined In the attachment ** •*".*..- 

. A range of scientific evidence now seems to be pointing strongly In the direction of this theory and Mick feels 
that It won't take long for other research groups to come to simiar conclusions (if they havent already done - 
so). Thus there Is a strong sense of urgency about getting as eariy a phority date as possaile. ' ft should be 
possible to prove or disprove the hypothesis within the 12 month period. We should be able to produce the 
Iransgene constructs outlined in the attachment and determine whether they nave the postulated oene 
suppression effects in hansgeraewganisms. ■....• p v^ ? ™ 

My view is that this Idea synthesises existing and emerging knowledge of- both *antfsensoVand •sense 11 
suppression of gene expression Into a novel hypothesis as to tha fundamental mechanism leading to these 
effects. If this proves to be the mechanism operating In such transgenics, then ft leads to a range of novel 

Australian Science. A u s I r a I i a. * s* "F c : j-r e ' 



- -caches to down-regulation of gene expression that would appear to be advances on (or at leas: 
__Jhting around") standard •antisense* and "sense - approaches. Is this inventive enough (if proven by 
subsequent work) to justify a patent application, and should we go ahead with a speculative provisional based 
on the idea because of the potential value of this technology? 

I would appreciate receiving your opinion on this as soon as possible so that we can proceed to prepare 
more detailed information for a provisional patent application if it is warranted. 



Sincerely. 




cc 



Mick Graham 
T.J. Higgirts 
Pat Walsh 
Jim Peacock 



Rationale 



We consider the mechanism of "and -sense" and "co-suppression " are identical. Both 
involve a change in the function of the transgene. from producing a normal mRNA to 
interacting with endogenous factors, which results in the transgene mRNA functioning 
as a sequence specific RNAase. 

-This "state switch" requires an interaction between the transgene and the endogenous 
horoologue - this interaction probably involves hybrid formation between the " 
endogenous mRNA and the transgene. 

The difference between a weak and strong phenotypic effect in different transgenic 
lines results from differences in the propensity of the sense or anti-sense transgene to 
switch states. The differences in sensitivity is possibly a consequence of transgene 
. integration into existing transcriptional units. 

Improving existing strategies to create strong phenotypes 

In order to obtain consistently strong. phenotypic effects, constructs with a stronger 
propensity to switch states can be designed. These will produce RNAs which will form 
double stranded hybrids thereby resulting in an increased likelihood of inducing the 
state switch. 

Possible constructs envisaged are shown below. The shaded boxes with the filled 
arrowheads represent promoters, the arrow shows the direction of transcription. The 
open boxes with open arrowheads represent coding sequences, the arrow represents 
the sense orientation of the gene. . 



Case l:Two promoters drive expression of the same transgene in 
opposite directions resulting in' formation of complementary RNAs that, 
can form hybrids,, hence switching states. 




Case 2: A single promoter drives expression of an inverted repeat The 
transcript can then form a hairpin hybrid hence switching states. 



mm. 



Case 3: A sense and anti-sense construct are introduced into the same cell 
either as a consequence of a sexual cross or by super-transformation. The 
two seperate transcripts can then form a hybrid hence switching stites. 



Another implication of this model is that the use of hybrid RNAs will permii the destcn 
of constructs that will inactivate multiple genes. Once a gene switches state the 7 
sequence specific RNAase activity will be a propeny of the complete RNA sequences 
of the switched transgene. Thus any endogenous gene that contains sequences 
homologous to sequences in a'switched hybrid transgene will be suppressed. 

Such constructs might be used to induce the state switch more rapidly using a more 
abundant or constutiveiy expressed RNA as the endogenous inducer. 

In addition single constructs consisting of a promoter drivinc hybrid sequences should 
inactivate expression of all endogenous genes present in the hybrid RNA. This might 
for example permit the design of single gene constructs to protect against multiple 



Case 4: Different portions of the hybrid RNA are shown by different 
shading. A single promoter driving this construct (or constructs 
designed as for cases 1, 2 or 3) should supress the expression of all 
endogenous genes whose sequences are present in the hybrid. The state 
switch can be induced by interaction with only one sequence, but the 
consequence will be supression of all sequences present in the switched 
transgene. 



Expected outcomes 



These strategics should permit the design of constructs that will be more effective at 
creating transgenic lines with strong suppressed phenotype. Fo c£Zk Sv l 1 
10 transgenic hnes for a given construct will display a strong phSo^pe *The Se of 
constructs with a higher propensity to switch shiuW result in o( 
transgenic lines showing strong phenoiype. proporuon oi 

• Interraediate phenotypes resulting from anti-sense or co-suppression are almost 
certainly phenotypically chimeric and intrinsically unstable flS ^ Snsmtc^ £L\d 
result in a lower degree of such chimerism and a/incrcXe 

hvh°rij^l n ° VCl bc ^Encd to inactivate multiple genes For examole 

• Such constructs shouid bc useful in mammalian systems. 



EXHIBIT 3 



PROVISIONAL PATENT SUBMISSION 



Introduction 

This invention describes a novel approach to creating gene "knockout" phenotypes in p\mis 
and animals by transgenesis. The invention will permit the efficient creation of plants and 
animals with little or no expression of the targetted gene or genes, including the creation of 
viral resistant or immune plants or animals. 

This is currently achieved using anti-sense or co-supression. Both methodologies seem to 
act by the same mechanism, namely activation of an endogenous sequence specific RNA 
degradative system. Activation of this endogenous system usually requires a "trigger", 
namely appearance of the target mRNA or viral RNA in cells of the organism. 

This invention describes the design of transgenes which are either more sensitive to the 
trigger, or trigger themselves. Engineering plants and animals with these constructs will 
result in: 

• A higher proportion of transgenic organisms-expressing strong "gene knockout", 
phenotypes. Only a low proportion of transgenics produced using anti-sense or co- 
supression display strong phenotypes, most display sectoring, namely areas of tissues or 
organs are viral immune or do not express the target gene, whilst adjacent areas express 
target genes normally or support normal levels of viral replication. 

• More stringent "gene knockout" phenotypes. For constructs with more sensitive triggers, 
activation of the RNA degradative system will therefore occur earlier in development with 
less inducer. Thus with viruses for example little if any replication will occur before 

. immunity is induced, whilst for "gene knockouts" little if any expression of the target gene 
will occur before the system is induced. For constructs that trigger themselves no inducer 
will be required, resulting in true viral immunity or "gene knockouts". 

• Phenotypes will' be more stable. Both anti-sense and co-supressed phenotypes are 
unstable, the phenorype can revert during development resulting in complete reversion or 
sectoring. 

• Strong phenotypes will be obtained in heterozygotes or proimary transgenics. 
CONCEPT 

1. The invention is based on recent observations indicating that anti-sense and co- 
supression function by activating.an endogenous RNA degradative system. 

2. There is a trigger whichracti vites of.the^endogenous RNA degradati ve : syspem^The^ : 
triggering event is usually induced by; the: presence of the target RNA, either the virus or the 
targetted RNA. 

3. Rare transgenic insertions trigger themselves, presumably through interactions between 
repeated inserts. 

4. Novel transgene design can permit: 

- Transgenes with an increased sensitivity to trigger early in development. 

- Transgenes that: trigger themselves.. 



DEMONSTRATION 

1. Tobacco were transformed with the constructs shown in Figure 1 : 

A. GUS PVY/TMV fusion driven by the 35S promoter 

B. An anti-sense GUS PVY/TMV fusion driven by the SCSV 4 promoter 

C. A "double promoter construct" (DP2): containing two transcriptional units, a 
PVY/TMV fusion driven by the 35S promoter and an anti-sense GUS PVY/TMV 
fusion driven by the SCSV 4 promoter. 

D- A "double promoter construct" (DPI): containing two opposing promoters 
driving expression of the GUS PVY/TMV fusion. 

2. Primary tran5formants.wereinfected^vith PVY-^ising manual innoculation.- 

3. Symptom development was monitored visually, and PVY replication was monitored- 
using an EUSA assay 

4. Results indicate that a much higher proportion of plants transformed with construct C 
werre resistant to PVY (Table 1). 



EXHIBIT 4 



MAPPING TRANSGENE ACTIVITY IN PLANTS USING VISIBLE 

PHENOTYPES 

Michael W. Graham, Ming Bo Wang, Bob Furbank, Steve Trevanion, Simon Robinson, 
Richard Forster, Paul Keese and Peter Waterhouse 

CSIRO Division of Plant Industry, GPO Box 1600, Canberra ACT, 2601 



-Introduction 

Transgenic plants are relatively easy to create, typically to analyse transgene expression 
many primary lines are generated but only a few showing the desired expression pattern 
or phenotype are selected for more detailed analysis; lines showing unanticipated 
expression patterns are frequently discarded. Much valuable information regarding 
transgene expression is lost during this culling process, in particular evidence refuting 
tacit assumptions that transgenes normally behave in a uniform, predictable Mendellian. 
fashion. 

Transgene expression is usually monitored using biochemical or molecular assays. 
However the information gained from such approaches can be of limited value, 
especially when spatially or temporally regulated processes are considered. For this 
reason visual marker genes such as GUS or 0-galactosidase are frequently employed. 
Marker genes can provide more detailed information on gene expression and since 
assays are quick and simple, large. populations of transgenic lines can be more readily 
analysed. 

In plants, transgene expression itself sometimes creates visible phenotypes. Figure 1 
shows an example of a single leaf from a transgenic Flaveria bidentis, a tropical C4 
plant. This plant was transformed with a construct designed to inhibit expression of the 
key photosynthetic enzyme pyruvate phosphate dikinase (PPDK) In green tissues of 
this leaf both PPDK activity and photosynthesis are normal. In contrast PPDK activity is 
not detectable in the yellow areas, which are consequently non-photosynthetic. If this 
whole leaf were ground up and assayed conventionally, PPDK protein levels^ enzyme 
activities and mRNA levels would be about 50% compared to controls. If there were no 
visible phenotype these data would most likely be interpreted as reflecting a uniform 
reduction in gene expression across the entire leaf. Clearly in this example complete 
reliance on biochemical or molecular data would be misleading, and we suggest this 
precise situation frequently occurs when analysing transgenic organisms.. 

Based on our owbresul&and areyiev^of thejiterature we,show similar yisibleor. easily: 
scored: phenotypes are remarkably common in transgenic plants; howeyer, we believe, 
until now neither their frequent occurrence or full significance has been appreciated. In 
these : cases transgenes behave formally as visible marker genes, 'thereby providing 
simple assays which precisely define changes in gene expression. By examining such 
phenotypes large populations of transformed lines can be analysed, but more, 
importantly changes in gene expression can often be directly visualised in space 
(position in a plant or tissue) and time (stage of plant growth or development). 

Sectored phenotypes in transgenesis 



Visible sectored phenotypes are quite common in transgenic plants. Examples from our 
own work are shown in Figure 2 and others from the literature O' 15 ) are listed in Table 
1, and we are also aware of many further unpublished examples. Detailed descriptions 
of these plants and phenotypes can be found in the Figure legends and Table footnotes. 
Many of these phenotypes occur when an extra copy of a gene is expressed in either 
sense or antisense orientation and hence reflect sequence specific trans inactivation 
events targeting endogenous genes. However sectored phenotypes sometimes occur 
when heterologous sequences such as bacterial genes are expressed in transgenic plants. 

Sectored phenotypes also occur in viral resistant transgenic plants O** 19 ), examples are 
shown in Figure 3,.and others from the literature are listed' in Table IL These viral 
resistant phenotypes manifest as alterations in the distribution of viral symptoms which 
for some viruses provide an indirect visual assay for viral replication (Fig. 3). 

Not only are such phenotypes widespread, but often a high proportion of independently 
transformed lines show sectored phenotypes (Table 1). Frequencies range from about . . 
10% to close to 100% of transgenic lines. 

The Significance of Sectored Phenotypes 

These phenotypes are significant because they occur in a variety of different, 
circumstances, namely antisense, co-suppression and some instances of viral resistance 
and transgene instability. Such terms are used to describe phenomena that remain poorly 
understood at the molecular level, but they are commonly assumed to reflect distinctv 
molecular processes. " 

In this context the occurrence of sectored symptoms in viral resistant plants is 
particularly significant The molecular processes underlying RNA-mediated viral 
resistance were recently brought into sharp focus by Lindbo et al. ( 20 ), whose results 
define remarkable posttranscriptional processes responsible for resistance (for recent 
reviews on gene silencing in plants see refs. 20-26). Their data, which will be 
considered in more detail below, indicate viral resistance reflects sequence-specific 
degradation of viral RNAs, Formal evidence links viral, resistance and at least some 
instances of transgene instability, indicating that mRNAs from nuclear genes can also 
be degraded by the same mechanism. 

The sectored patterns of gerie activity described above are only apparent because the 
events give visible or easily scored phenotypes. There is no reason to suspect that the 
majority of constructs, which give no obvious- phenotype, will not behave.in a similar 
. fashionrhoweven in snch mstancesvsectored.gene expression could be easily missed,'. , . 
since quite detailed analysis wouldvbe required before it could be detected. We propose 
therefore that sectored gene:activity.occu^ 

Organisms than previously imagined. Consideration of visible phenotypes in plants 
provides a simple means to visualise and more fully understand the full consequences of 
transgenesis. 

Proposal: Sectored phenotypes arise from a common mechanism 

We propose that phenotypic similari ties of variable sectored patterns of gene activity, 
reflect common molecular events - namely activation of the posttranscriptional 



homology-dependent RNA degradative system responsible for RNA-mediated viral 
resistance. 

Initial evidence for this is based on overall phenotypic similarities that occur in 
transgenic plants. When considered together visible sectored phenotypes share several 
important characteristics. They are clearly non-uniform, regions of distinctly differing 
gene activity exist in sharply delineated sectors; these sectors often, perhaps always, 
correspond to regions of complete gene inactivation. Another striking feature is the 
extreme phenotypic variability that often occurs in transgenic lines; changes in gene 
expression occur unpredictably in space and time, generating remarkably complex 
phenotypes. These observations are consistent with activation of a simple binary switch 
which is variably induced in space and time, in what often seems an unpredictable 
fashion. 

The available molecular evidence is consistent with this proposal and various other 
observations from the literature provide further indirect support Remarkably similar 
events have been described in mammals and possibly other organisms* suggesting these 
observations have wide implications for understanding and interpretingttransgenesis. 

Sectored phenotypes reflect complete gene inactivation 

For many of the phenotypes. described above sectored regions seem to correspond to 
areas of complete gene inactivation, consistent with the complete degradation of 
mRNAs. Thus for Flaveria expressing PPDK sequences only background levels of 
enzyme activity are detected in yellow chlorotic sectors. Similarly, some phenotypes 
listed in Table 1, such as a complete lack of corolla pigmentation in petunia petals 
expressing CHS and DFR sequences or qualitative changes in starch composition in 
potato starch granules are also consistent with this notion. Most other phenotypes in 
Table 1 are fairly poorly described, but they are not inconsistent with this notion. 
Furthermore in instances of co-suppression where quantitative enzyme measurements 
have been reported, namely chitinase, B-glucanase and nitrate reductase 0 complete 
inhibition of gene activity occurs. Mechanistically viral immunity reflects complete 
degradation of viral RNAs, sectors of complete gene inactivation would be anticipated 
if they arise by a similar process. 

We are aware of some exceptions to these, general observations which suggest two 
situations where apparently intermediate phenotypes might arise. In instances where a 
protein or its product are relatively stable one might gain the impression of intermediate 
levels of gene expression. This may be the case with NADP MDH in Flayeriq (Figure 
2); where sectored regions express. about:5S4:ofccontrol enzyme activities. NADP MDH - 
is a chloroplast enzyme aiid is therefore likeiy.toJbe quite stable, complete.!^ 
gene activity might only be observed long after^gene inactivation events <^ujr: Ahother. 
exception might arise in instances where multi-gene families are targeted for trans 
inactivation. In transgenic Gerbera hybrida expressing antisense CHS sequences; some 
lines produce pink flowers from a red parent. This phenotype is consistent with partial 
reductions in CHS activity ( ), which could reflect either partial /ranj.inactivation of 
CHS mRNAs, or alternatively result from complete inactivation of specific members of 

. a multirgene CHS family that might be expressed in Gerbera petals. A similar 

: phenotype has been noted in a single transgenic petunia. 



Unpredictable gene expression in transgenic plants 



Transgenc instability ih the examples shown in Figures 2 and 3 results in highly 
variable, unpredictable phenotypes. These must reflect complex patterns of gene 
inactivation which occur frequently throughout development In some instances 
evidence of cell lineage relationships can be inferred, whilst in other examples gene 
inactivation occurs in an apparently stochastic fashion. 

For example, in Flaveria showing unstable PPDK expression each leaf on a plant shows 
unique patterns of gene inactivation (Fig. 2A,B). PPDK inactivation events must initiate 
differently for each leaf at different stages of development The leaf in Fig. 2C 
illustrates this point. The lower half is nearly folly yellow, presumably a gene 
inactivation event occurred early in development and involved half the leaf meristem. In 
the upper half gene inactivation events probably occurred much later in development, 
and there have been many such events. This leaf also shows evidence of a reversion 
event, the large green sector in the bottom of the leaf. Moreover in such plants whole 
shoots can be fully green, whilst adjacent shoots become completely yellow. (Fig. 2E 
and F). Sectoring in leaves from plants expressing NADP MDH sequences also results,, 
in extremely complex essentially random phenotypes (Fig 2 G-I) which presumably 
reflect cognate influences on gene inactivation. 

Highly variable sectoring is also seen in mini-tubers expressing PPO constructs (Fig. 2 
J-L). Some tubers show only a few PPO-expressing sectors, whilst others show large 
areas of PPOpositive tissues. Positive sectors presumably arise from one or a few cells 
which either retained or regained normal levels of PPO activity during tuber formation, 
cones of cells presumably reflect subsequent cell division which lead to radial 
expansion of the tuber. Some tubers from this line showed apparently normal 
expression of PPO, further emphasising the unpredictable nature of phenotypes. 

When alterations in viral symptoms are considered similar unpredictable phenotypic 
variability also occurs in P.V Y-resistant tobacco (Figure 4). In some lines lesion 
numbers on third systemically infected leaves were about 5% of controls, whilst in 
others numbers were 30 - 50% of controls. Lesions typically appeared to be distributed 
. in essentially random fashion, although some degenerate patterns were observed, for 
example different halves of a leaf formed distinctly different numbers of lesions. In one 
line a highly symmetrical pattern was observed, symptoms were confined to sharply 
delineated rectangular regions within interveinal tissues, similar to those described by 
Dougherty et al (1994).. These phenotypes also showed marked developmental 
influences, lesion numbers usually decreased significantly in older leaves, but even this 
character was ; not invariant, Jn one resistant line the number of lesions actually . 
increased. 

, The pigmentation patterns described in. pehjnia. petals expressing either senseiorr ": : 
antiserise CHS sequences are also remarkably variable. Different patterns occur in 
individual lines ranging from highly symmetrical to apparently chaotic. Most other 
examples of sectored phenotypes remain fairly poorly characterised, and have been 
variously described as "mottled", "chaotic" or "randomly distributed"; We suggest 
careful consideration of these phenotypes will reveal much more information regarding 
phenotypic variability. 

Transgene instability: current paradigms 



To create transgenic plants DNA is most commonly introduced into regenerable tissues 
using either Agrobacterivm or biolisiics. Both approaches result in quasi-random 
integration of constructs. Thus in some lines constructs integrate as single copies, but 
often more complex patterns, such as multiple linked or unlinked integrations occur. 
Each individual in a population of transgenic lines therefore possesses a unique pattern 
of transgene integration and it is becoming increasingly clear that these markedly 
influence transgene activity, complex transgene integration patterns are frequently 
associated with aberrant expression patterns. 

Position effects; cis inactivation of gene expression 

The term "position effects" was coined to describe alterations in transgene activity that 
might reflect localised cis influences on gene expression. For example position effect 
verigation in Drosophila is thought to arise through localised influences of 
heterochromatin on gene expression, endogenous genes near blocks of heterochromatin, 
or transgenes which integrate near such regions, show abnormal verigated expression 
patterns. Similarly chance integration near strong enhacers, might influence either the 
total activity or developmental specificity of a particular promoter in individual lines. 
Similarly methylation of transgene sequences, which arises de novo following 
integration, can markedly influence gene expression, which is often thought to reflect" 
promoter methylation leading to transcriptional silencing. 

Trans inactivation of gene expression 

At least two processes are known which can . influence transgene expression in trans. 
Methylation patterns from transcriptionally inactive transgenes can be transferred to 
homologous sequences elsewhere in the genome, presumably throughsorne type of 
somatic interactions between repeated sequences. Remarkably this can result in the 
transcriptional inactivation of unlinked locci. Although such processes have only been 
demonstrated for repeated transgene promoter sequences, it seems possible similar - 
interactions could occur between. duplicated coding sequences. 

The second process is frequently referred to as co-suppression or pbsttranscriptibnal 
gene inactivation. The term co-suppression was originally coined to describe 
phenomena observed in transgenic petunia where attempts to overexpress key genes 
controlling pigment biosynthesis unexpectedly resulted in a complete block in pigment 
production in sectors of petals ( ). Expression of both the transgene and endogenous 
homologue were blocked in such lines, hence the term. 

An extremelyr-important shift in understand ingvCO-siippression occurred recently urith . 
the demonstration.that many instancesiof genetically engineered viral resistance *irx v '.. 
; plants occur by this me^mism -Goristmc^ to express viral structural genes in 

plants,- such as coat protein ( ) or polymerase genes ( ), often confer^ viral resistance. 
This was originally thought to result from the inappropriate expression of viral proteins 
which were assumed to act through poorly defined trans dominant effects on viral 
replication ( ). However Lindbo et al (1993) showed conclusively that the expression of 
non-coding viral RNAs can confer strong viral resistance, the term RNA-mediated viral 
resistance has been coined to describe such resistance. Such viral resistant lines show 
varying degrees of resistance, which manifests as either viral immunity or "recovery" 
from viral infection - as plants grow new tissues become viral immune; the viral . 
resistance phenotypes shown in Figure 3 are examples of this. 



Northern analysis indicated this viral immune state was associated with markedly 
decreased steady state transgene mRNA levels, but nuclear run-on experiments showed 
transcription rates remained essentially equivalent to fully susceptible tissue. These 
same molecular changes, namely high transcription rates associated with low steady 
state mRNA levels, also occur in co-suppression of nuclear genes. These results 
indicated that both the transgene and viral RN As are degraded in viral resistant lines 
through some previously unimagined posttranscriptional process. Such viral resistance 
is sequence-specific, since unrelated viral RNAs are not degraded, moreover RNA 
degradation must occur in the cytoplasm as potyviruses, which were targeted in these 
experiments, replicate exclusively in this compartment. 

Such data indicated that both RNA-mediated viral resistance and ^suppression are 
posttranscriptional phenomenon explicable only in terms of activation of an endogenous 
homology-based RNA degradative system. In co-suppression this RNA degradative 
system targets mRNAs from nuclear genes, whilst for viral resistance viral RNAs are 
targeted. 

Antisense 

In transgenic plants antisense approaches are frequently used to specifically trans 
inactivate expression of endogenous genes. The mechanism of iriactivation remains 
unknown but antisense is widely, although not universally ( ), thought to differ from co- 
suppression. Antisense phenotypes are commonly thought to reflect duplex formation 
between the antisense transgene and endogenous sense mRNA, which is believed to 
inhibit either translation of the targeted mRNA or mark it for destruction by unknown 
processes). Such models imply that antisense represses gene expression uniformly in a 
whole plant or tissue, which seems a widely held assumption. 

Sectored phenotypes reflect posttranscriptional gene in activation 

Many of the sectored phenotypes described above reflect sequence-specific trans 
inactivation events. Processes which act only in cis> such as position effect verigation, 
cannot be responsible for these phenotypes. Moreover whilst transgene methylation can 
inactivate gene expression in trans such processes cannot possibly account for viral 
resistance since most plant viruses have RNA genomes. 

Support for this view is based on specific molecular criteria. In instances of 
posttranscriptional gene inactivation, nuclear run-ons and Northern blots show that . 
inactivated genes are: transcribed at normal jratesvbut steady state RNAJevels are low. ().. 
This contrasts to tr^scriptionaligene mactivatipn where run-ons showgenes are npt^ . 
transcribed: 

A review of the literature shows mat at least three instances described as co-suppression. 
( ) and three examples of RNA-mediated viral resistance ( ) satisfy these molecular 
criteria. We are not aware of any exceptions to this, and it seems reasonable to assume 
that most, probably all examples of these phenomena will occur by activation of this 
same RNA degradative system. 

Furthermore at least two: instances described as transgene instability have been reported 
where run-ons are also consistent with posttranscriptional gene inactivation. Whilst 



yisibie phenotypes were not reported in these examples, these results indicate 
transgenes can inactivate their own expression through posttranscriptional processes. 
Transgene instabilities that might seem to occur in cis sometimes reflect rrans-acting 
processes. It seems reasonable to assume other examples labelled unstable expression 
will also occur in this fashion, especially in instances where sectored phenotypes occur. 

Less molecular data is available for antisense, we are aware of only one instance where 
results of nuclear run-ons have been reported. In tomatoes expressing antjsense 
polygalacturonidase (PG) constructs, run-ons showed that transcription rates of bom 
endogenous and antisense PG genes remain unaltered in ripening tomato fruit whilst 
steady state mRNA levels for both genes decreased markedly 0- These results were 
originally interpreted using conventional models - duplexes were assumed to form 
between antisense and sense leading to the specific destruction of both RMAs. This 
interpretation is tautological, the data are equally consistent with degradation via 
posttranscriptional gene inactivation. We believe the latter explanation is most likely, 
since additional indirect evidence discussed below provides further support for this 
view. 

Implications 

Our observations suggest that posttranscriptional gene inactivation occurs very 
frequently in transgenic plants, which has wide implications for understanding and 
interpreting transgenesis. 

Transgene Instability 

Our observations indicate that the frequency of transgene instability has probably been 
grossly underestimated! This has disturbing implications. 

Sectored gene inactivation events might prove difficult to detect in instances where no 
phenorype occurs, especially when phenotypic variability is taken into account. Fine 
scale sectoring in whole tissues, or gene inactivation events in parts of plants or in 
transgenic progeny (either sexual or clonal) might easily be missed without detailed 
analysis. Furthermore environmental influences. can markedly effect phenotypes. For 
example the frequency of co-suppression in tobacco over expressing copropophyrinogen 
oxidase constructs varied markedly when plants were grown in different glasshouses, 
similarly plants that stably expressed a herbicide resistance gene in glasshouses showed 
sectored expression in the field. 

important 

literature. Complex; multi.HX>py transgeneantegrations have been cor/etated-w^ • : 
posttranscriptional arid transcriptional geneiinactivation. Single copy transgene inserts \ ., 
are therefore likely to express more predictably. Furthermore to circumvent trans 
inactivation events constructs should utilise heterologous promoter and coding 
sequences whenever possible. . 

The mechanism and consequence of antisense 

We have shown above that sectored phenotypes often occur as a consequence of 
antisense expression. Such observations refute assumptions that antisense phenotypes.. 



are uniform and suggests that experiments using antisense may have been frequently 
misinterpreted. 

One prediction is that phenotypes generated by antisense and co-suppression should be 
identical ■- however for such a comparison identity must be considered in the context of 
phenotypic variability. In transgenic Fiaveria expressing either sense (Figure 2H) or 
antisense (Figure 21) NADP MDH constructs,, very similar sectored phenotypes occur. 
Similarly in PVY-resistant tobacco expression of viral sequences in either sense 
(Figure 4C) or antisense (Figure 4D) orientation results in the same recovery phenotype. 
Data summarised in Table I provides further support for this view, at least three other 
examples, CHS in.petunia, ankyrin wArabidopsis and probably GBSS in potato, give 
similar phenotypes for antisense and co-suppression. 

Such a view also provides a simple explanation for the poor correlation between 
antisense RNA levels and phenotype which has been often noted. As described above 
low steady state transgene mRNA levels reflect activation of the r^sttranscriptional 
RNA degraditive system.; Phenotypes reflecting. strong gene inactivation. should 
therefore correlate with low transgene mRNA levels. However since phenotypes are 
sectored-steady state mRNA levels would be expected to vary considerably depending 
on the tissue or developmental stage assayed. Significantly, poor correlations between 
transgene mRNA levels and viral resistant phenotypes have also been frequently 
observed. 

One difference between antisense and co-suppression is the frequency of gene 
inactivation events. The available data are also summarised in Table 1 . In one instance 
(ankyrin in Arabidopsis and CHS in petunia) frequencies are identical, but in other 
examples cCHSuppression frequencies are higher (eg PPO in potato), markedly so for 
PVY resistance. The reasons for such discrepancies remain uncertain but could reflect 
differing propensities for activating the RNA degradative system. 

The term antisense is loosely used to describe a variety of phenomena. For example in 
transient assays small decreases in gene expression occur when large excesses of 
antisense are introduced into cells. This differs from the complete gene inactivation 
described above; perhaps there is.an effect of duplex formation, but it is small. Clearly 
notions of what is precisely meant by antisense require re-evaluation. 

Engineering Viral Resistance 

Our observations suggest the.mechanism of viral resistance is sectored,.yiral immunity. 
Sectored symptoms hav&beeh described;by others in viral resistant transgenic plants: ... 
. (Table 2), indudmg viruses from widely divergent genera namely rxrtjcvinises;^ ; 
potexviruses and tospoviruses, indicating this is a widespread phenomenauFormany. :: 
virus plant combinations there are particular difficulties associated with interpreting, 
viral resistance phenotypes which might obscure similar sectored symptoms. Thus some 
viral species like cucumber mosaic virus (CMV) naturally grow put of Viral infections, 
whilst in others such as potato leafroll virus (PLRV). symptoms provide only indirect 
indications of viral replication. In other examples visible symptoms do not occur at all. 
We suggest sectored viral immunity is probably widespread, but has often been missed: 

Three.common observations are frequently made for viral resistance phenotypes: Firstly, 
when plants are challenged with virus a proportion do not develop symptoms. In those 



that do symptom appearance is frequently delayed Finally resistance often shows dose 
dependence, high innoculums of virus can overcome resistance. The simple model in 
Figure 5 can explain these observations. 

There is surprisingly little evidence indicating that protein expression plays any role in 
conferring viral resistance* but this view has become dogma. Our observations provide a 
rational basis for considering viral resistance phenotypes which might help clarify such 
arguments. 

Trans inactivation of gene expression 

The ability to completely fra/tHnactivate expression of endogenous genes, or degrade 
viral RNAs is clearly of major practical and experimental importance; One surprising 
implication of our observations is that complete trans inactivation occurs very 
commonly in transgenic organisms; the available technologies of co-suppression and 
antisense are extremely effective. 

What is required however are methods to better control gene inactivation: in space arid 
time. It seems likely that significant advances can be achieved in this respect. 

Posttranscriptional gene inactivation in other taxa 

It seems unlikely that a remarkable process like sequence-specific RNA degradation 
would be confined to plants. Many examples of distinctly non-uniform patterns of 
transgene. expression have been observed in mammalian systems, and several key 
observations suggest at least some of these events occur through identical 
posttranscriptional processes^ 

In a transgenic mouse line expressing an antisense myelin basic protein (MBP) cDNA, 
marked decreases in both MBP mRNA and protein levels where observed. Localisation 
of MBP in neuronal tissues from these animals, using antibody probes, revealed MBP 
was distributed in a distinctly non-uniform fashion. This is consistent with sectored 
trans inactivation of endogenous MBP expression. Furthermore in at least two 
examples where mammalian cell lines were transformed with antisense sequences, a 
poor correlation between state levels of antisense RNAs and the level of gene 
inactivation was noted, reminiscent of the observed situation in plants. Sectored 
expression of transgenes has also beennoted in transgenic mice and transformed 
mammalian cell lines. 

; Phenomena described as antisense, cop-suppression or transgene instability, have, been 
described in fungal species: Moreover antisense . strategies have been widely .used in the.\ 
study of Dlctyostelium, and some evidence indicated that RNA degradaiive processes; 
play an important role in programming differentiation processes; Such observations 
suggest that posttranscriptional gene inactivation is widespread. 

The biological significance of. posttranscriptional gene inactivation 

The endogenous system responsible for homologyKlependent posttranscriptional gene . 
inactivation has remarkable properties; it seems likely such a system plays 
fundamentally important roles in biological systems. Others have proposed the system . 
may normally play, a role in viral resistance . in plants or protect . against the activity .of : . 



transposons However the likelihood the system functions in other taxa suggests more 
%SSZ for example one can easily envisage regulatory networks based on 
homology-dependent posttranscriptional processes. 

In transgenic plants activation of thissystem frequently results in the creation of 
S random or chaotic phenotypes, however some lines d.splay remarkably 
STmeScal phenotypes. Such observations suggest that posttranscnpt.onal processes 
might play an important role in pattern formation. 

Our observations indicate posttranscriptional gene inactivation acts as a binary switch, 
rather than a "volume control" for gene expression. Intrigumgly some models ot 
enhancer action suggest they, also function act as a binary switch by mcreasmg me 
probability of transcription in individual cells rather than mcreasmg transcr.pt.on ra es 
as generally believed. Assumptions that gene expression .s normally fa.rly un.forn. .n 
seemingly homogeneous tfesues are perhaps overly simplistic, d.stmctly non-un.form 
patterns of gene expression may occur frequently. 



EXHIBIT 5 



a Construct used to create transgenic line. Plants were mostly ^onned using 
Azrobacterium-based systems, except for some transgenic petunia lines which *ere 
S3 fk>m elec^orated protopJasts. Most constructs used the constimtive 35S 
promoS to drive transgene expression, exceptions are for DFR, in some ^instance the 
Se promoter was used and CHS, where sectored phenotypes occur w-th promoterless 
constructs. 

b Visible or easily scored phenotype which reflects transgene activity. 

c Antisense refers to situations where constructs were designed to express antisense 
RNA sequences; Co-suppression refers to situations where sense sequences were 
expressed, usually foil length coding sequences aimed at overexposing a gene; 
transgene instability refers to situations where genes are expressed which have no 
endogenous homologue, such as bacterial genes. 

d Frequency refers to the frequency of primary. fT 0 ) transgenic lines delaying sectored 
phenotypes. 

e Transgenic Flaveria expressed foil-length antisense Flaveria PPDK sequences driven 
by the 3 5S promoter. 

f Transgenic Flaveria expressed full-length antisense Flaveria NADP MDH sequences 
or fall length maize NADP MDH coding sequences designed o overexpress enzyme 
activity. Both constructs. were driven by 35S. 

g Potatoes (cy Lehmni Russet) were transformed to express antisense potato PPO 
sequences driven by 3 5S. • 

h Constructs designed to express either sense ( ) or antisense ( ) sequences driven by 
35S were used to transform petunia. Sectored phenotypes also arise when promoterless 
constructs are used. The phenotypes of these flowers have been particularly well , 
characterised and show remarkable diversity ( ). In some instances developmental 
changes in phenotype ( ), reminiscent of the viral recovery phenotype ( ) have been 
noted. 

i Arabidopsis ankyrin encodes a trans regulatory protein which seems to play a central 
role in signalling chloroplast biogenesis. Transgenic expression of ankyrin cDNA 
sequences creates, sectored regions** leaf chlorosis, consistent with absence of.this . r - 
differentiationsigrial: Aaidenticafephenotype occurs regardless of whether.sense or: 
/antisense sequences are driven by 35S.~ •:•,<:'..•• •> . . 

j Potato tubers produce two types of starch, highly branched amylose and linear, 
amylopectin. The two types stain differently with iodine; amylose containing starch 
stains blue, whilst amylose-free starch stains red. For plants expressing antisense potato 
GBSS sequences driven by 35S whole tubers treated with iodine stain blue m some 
regions and red in others, reminiscent of the antisense PPO phenotype described above. 
In addition individual starch grains contain blue centresand red outer regions. Since 
starch grains grow outwards this phenotype provides a temporal record of gene 



expression in individual tuber cells, lnactivation of endogenous GBSS expression seems 
to be triggered early in tuber development, before starch grains are fully developed but 
after GBSS expression is induced. Some grains show blue concentric circles, consistent 
with multiple gene inactivation and reactivation events occurring over time. 

k Constructs expressing sense DFR sequences and intact DFR genomic sequences, 
driven by the native DFR promoter, show sectored regions of unpigmented tissues, 
similar to those described for CHS. 

* Tobacco transformed to express tobacco nitrate reductase sequences oViven by 3 5S 
show a sectored leaf necrosis. This visible phenotype has not been extensively 
described, but extensive biochemical data suggests this phenotype shows developmental 
alterations, reminiscent of viral recovery phenotype. Quantitative enzyme measurements 
indicate complete gene inactivation occurs in mature tissue. 

m Tobacco were iransformed.with constructs designed to constitutively. overexpress 
tobacco SAM synthetase using 356S. Two phenotypes resulted; overexpression leads to 
leaf necrosis, but this was unstable and reverted to normal phenotype. Qualitative ?. 
This phenotype also showed developmental influences. 

n Tobacco were transformed to express copropophyrinogen oxidase sequences driven 
by 35S. Overexpression was associated with leaf necrosis, which were described as 
occurring in "chaotic patterns". 

° Tobacco were transformed to express yeast invertase sequences driven by 35S. 
"Chaotic patterns of necrosis" were reported which correspond to regions where 
invertase was expressed. No invertase activity was detectable in normal tissues? 

P Arabidopsis were transformed to express bacterial RolB sequences driven by 35S. 
Constitutive expression of RolB generates an auxin hyper-sensitive response, leading to 
the creation of a severely stunted phenotype. Occasionally normal shoots develop from 
these plants , analysis of gene, expression in these, shoots indicates RolB is not 
expressed, and nuclear rimrbns indicate this inactivation is posttranscriptional. Mutants 
of these transgenic lines which showed a higher frequency of normal shoots have been 
isolated, providing formal evidence that posttranscriptional gene inactivation involves a 
host system. 

Transgenic tobacco. resistant to the herbicide sulfonylurea were created using 35S to 
^drive expression otthe bacterial csrl-l gene. This confers herbicide resistap^ by u. In ... 
field trials of herbicide resistant plants^sectprs^of sensitive tissue, were desmbedrasi 
"mottled;, sectored leaves and whole plants": 



Table 2: Sectored symptoms in viral resistance. 



Virus a 



Resistance Constructs 



Reference 



Potato virus Y 
(PVY) C 

Tamarillo mosaic potyvirus 



PVYNIa 



This paper 



TaMV coat protein 



This paper 



(TaMV) c 



V 



Tobacco etch potyvirus 
(TEV) d 



TEV coat protein 



. Peanut Stripe potyvirus 



PStV coat protein 



(PStV) e 
Potato virus X(PVX) 



PVX polymerase 



Tomato spotted wilt virus 



ToSW N protein 



(ToSW)g 



* Refers to the viral species for which resistance was monitored. These include four 
potyviruses, PVY, TaMV, TEV and PStV; a potexvirus (PVX) and a tospovirus 
(ToSW). 

b Viral resistance in these instances is RNA-mediated. AH constructs were driven by the 
35S promoter. For PVY a portion of theNIa protease gene was expressed; for TaMV .... 
For TEV a non-translatable coat protein sequence; for PStV translatable and non- 
translatable coat protein sequences; for PVX sequences derived from the replicase gene 
(these were translatable but resistant was subsequently shown to be RNA-mediated) for 
ToSW. translatable sequences from the N replicase gene which confer resistance through 
RNA-mediated mechanism. 

c . Symptoms shown in Figure 2. 

d Syniptoms.described as " : 

e Symptoms described as "symptomatic and asymptomatic areas" where "virus. was : 
detected only in areas where symptoms were visually apparent". 

* Symptoms described as "ameliorated symptoms, characterised by isolated chlorotic 
lesions rather than confluent mosaic". 

;g Symptoms described as y'..-* '' '."S 



Figure Legends 



Figure 1. Sectored gene expression in transgenic plants. A single leaf of a transgenic 
Flaveria bidentis showing sectored inactivation of endogenous PPDK gene is shown. 
This plant was transformed with a .construct expressing antisense Flaveria PPDK 
sequences driven by the CaMV 35S promoter. In the green regions of the leaf PPDK 
activity is normal, whilst in the yellow levels measurable PPDK activity is only 2% of 
controls. In the yellow sectors expression of the endogenous PPDK gene has been trans 
inactivated and these regions are consequently nonTphotosynthetic. Fifteen lines were 
transformed with this construct, twelve were completely yellow and three gave sectored 
phenotypes, further examples of which are shown in Figure 2. 

Figure 2. Highly variable phenotypes resulting from sectored gene inactivation in 
transgenic plants. (A-F) Sectored inactivation of PPDK expression ion Flaveria, (A,B) 
Single shoots from transgenic plants similar to those shown in Figure 1, note each leaf 
shows a unique pattern of PPDK inactivation. (C,D) Single leaves from such plants 
showing complex patterns of geneinactivation. Completely green (E).and yellow (F) 
shoots of Flaveria which grew on the same plant. (G-I) Transgenic Flaveria expressing 
NADP MDH sequences driven by the 35S promoter. The pale yellow sectors result 
from photosynthetic quenching which reflects the low (5%) levels Of NADP MDH 
expressed in these sectors. NADPMDH is expressed at about 50% of control values in 
green areas of leaves in these plants. (G) Plants were transformed with a construct 
designed to over express maize NADP MDH activity, only gene inactivation events 
were detected in such lines. Note each leaf shows a unique pattern of gene inactivation. 
(H) Single leaf from a plant expressing the sense construct in G. (I) Single leaf from a 
plant expressing a Flaveria NADP MDH.antisense cDNA driven by the 35S promoter; 
the phenotype is indistinguishable from that in H. (J-L) Potato minitubers snowing 
sectored inactivation of PPO expression. These plants (cv. Lehmni Russet) were 
transformed to express antisense sequences from potato PPO cDNAs driven by 35S. 
Tubers were cut and exposed to air overnight as a crude indicator of in situ PPO 
activity. (J) The tuber on the left in was grown from a non-transformed control and 
turns uniformly black, the tuber on the right was grown from a transformed line. (K) 
Closer view of the transgenic tuber in (J), note cones of black and white tissues 
reflecting changes in gene activity. (L) Four- tubers from the same line, note each shows 
unique patterns of gene inactivation. 

Figure 3. Sectored symptom formation in viral resistant plants. Viral infection in plants 
often results in the reproducible development of characteristic disease symptoms. For a 
particular combination of plant and virus, particular types of lesions (e.g. chlorotic or 
' necrotic spots or lesions on leaves);6ccur reproducibly during development of the 
disease. For some viruses disease symptoms occur only in those tissues supporting viral 
replication, alterations in the distribution! or appearance of such symptoms in transgenic 
viral resistant plants therefore provide indirect visual assays for transgene activity. (A) 
Non-transformed Nicotianatabaccum (W38) infected with PVY, leaves which form, 
following viral challenge areinvariably systerriically infected and develop characteristic 
chlorotic lesions. In our hands this. phenotype is easily scored from the third to the 
seventh systemically infected jeaf, where the lesions are distributed quite uniformly 
over the entire leaf. After this point leaves are smaller and symptoms less obvious, 
necessitating the use of ELISA assays to monitor viral replication. (B) Symptoms in 
transgenic tobacco expressing non-coding RNAs derived from a portion of the PVY NIa 
cistron driven by the 35S promoter. Note sectored distribution of lesions, viral particles 




(detected by ELISA assays) are found only in symptomatic areas, no virus was detected 
in asymptomatic regions. (C,D) Systemically infected leaves fiom plants exprcssine 
sense (C) or antisense (D) NIa sequences relative to the PVY genome Virus is 
detectable only in areas where single lesions or small foci of lesions are apparent, the 
same phenotype occurs regardless of orientation: These plants display the recovery 
phenotype first described by Linbo et al ( ). (E,F) Symptom development in Nicotiana 
benthemiana resistant to TaMV. etc 
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Co-suppression in mammals 

Background 

Recent advances in plant molecular biology have given important insights into mecharusrns of 
fra/u-inactivatipn of gene expression in transgenic plants. By expressing RNA sequences driven 
by strong constitutive promo tecs transgenic plants can be created where endogenous genes can be 
targeted for complete mactivattOD or rendered viral immune. The ability to create similar 
phenotypet in animals has enormous implies dons for medicine and agriculmre. This programme 
aims to transfer these emerging principles of gene InactJvation in plants to mammalian systems. 

In plants the term co-suppression refers to the inactivadoa of gene expression which sometimes 
occurs when extra copies of endogenous genes are expressed in a sense orientation in uansgenic 
plants (fox recent reviews see Meyer, 1995; Schell, 1996). Important new insights intorco- 
suppression form, the basis of this, proposal It has been biown for some time that viral resistance 
can be created in transgenic plants can. be created by expressing viral RNA genes; thj$ resistance 
was initially thought to result from the expression of viral proteins, however more recent 
evidence indicates the mechanism is identicaTio co-suppression (Linbo et at 1993; English ttak 
.1996). Furthermore It is becoming increasingly clear that antisense occurs by t*"? same 
mechanism (Dougherty and Parks, 1995: Graham ctal % submitted for publication). 

Mechanisucally co-suppresioo involves sequence-specific degradation of RNAs, cither viral 
RNAs or mRNAs from nuclear genes. Following infection viral resistant transgenic plants 
^recover* 1 from viral mfectipn, recovered tissues become immune to further infection. In viral 
immune tissues Northern blots and nuclear run-on experiments show that transgene RNAs 
virtually disappear even though their transcription rates remain nearly equivalent to those in viral 
Susceptible tissues (Linbo etcL 1993). Identical molecular changes, namely markedly decreased 
steady stare mRNA levels but essentially unaltered transcription raxes occur in co-suppression 
(Bmsslan et al, 1993; van Blolcknd et al 1994 and de Carvalho ct al, 1995) and anticense 
(Sheeny et aU 1988) in plants. Since co-suppression results in the sequence-specific inacrivation 
ofRNAs, the mechanism of viral immunity must involve sequence-specific Destruction of viral 
-RNA (nearly a) I plant viruses possess RNA genomes). Moreover co-supprcssion must be a 
cytoplasrnJc.phenpmenon since viruses that replicate exclusively in this coraparuticnt can be 
targeted by this process. Furthermore this RNA degradation is sequence-specific since non- 
related viruses or nuclear genes are not degraded by the process. Such observations indicate the 
ejoscence m plants of a. previously unknown host system capable of quantitatively deitradin" 
. RNAs in a sequence-specific manner. ° ° 

One striking characteristic of co-supprcssion is that remarkably complex phenotypes arise in 
whole plants (M Graham; submftmd for pubMcauon). Co-suppression and viral resistance 
manifest as unstable sectored prtetwtyr^.regiohs of essentially normal gene activity or viral 
susccpubinty occur in some tissues, whilst compete gene inactivarion or viral immunity occurs in 
^iacentcel^. We believe such Unanticipated behaviour has lead to much confusion aliout the-, 
^cl^our of co-suppressipn 

V^iht co-Snppression has not been formally d^onsrraied to occur in mammals several key * 
observauons sug^cst its existence. Ia^at least three cxarnplcs where nianxtnalian cell lines were 
genes have been ^activated using antisense approaches, a poor correlation Iwtweea steady stale 
Jcve^ o^annscn^RNAs and the level of gene Inactivarion was noted (Moroni etal, 1992; Kook 
ct at, 1994 and Thomson etal, 1995). This is reminiscent of the degradation of transgene RNAs 
associated with co-suppression and antisense in plants. In a transgenic mouse line expressing an 
anusense myelin basic protein (MBP) eDNA. marked decreases in both MBP mRNA and protein 
levels were observed, localisation of MBP in neuronal tissues from these animals, using antibody 



probes revealed MBP was distributed in a distinctly nonuniform fashion (Katsuki etal, 1988) 
This >s consistent with sectored trans inactrvation of endogenous MBP expression through co- 
snpprajsion. FurAermorc inhibition of marker gene expression by sense constructs has been 
observed in transient assays in mammalian cells (Cameron and Jennings, 1991). 

The aims of this programme are: 

h To establish whether co-suppression occurs, in mammalian systems with an aim 10 obtaining 
dominant positions with intellectual property. 6 

2. To definearjproaches to manipulate the process in vivo with ah aim to establishing techniques 
to creaic cell lines or whole animals .which arc viral immune or display complete trans - 
inactivanon of targeted sequences. 

Opportunities and Outcomes 

We believe manipulation of co-suppression in animals offers novel strategics to enhance the 
mdudef app oa0on5 of scne ^sferinto aiumak, .^plications of such technologies might 

♦For whob aiumals, viral immune strains could be created or the expression of specific Genes 
to SS y thSll, ^ IattCr 0bVktES ^ meofESceU5 cunenUy thought to be necessary 

• Somatic cells, such as haematopoietic stem celK could be rendered immune to viruses, a 
particularly potent approach for controlling viruses which infect blood cells. 

be^clo^*^ ° f gCncS associatcd with various disease such as some cancers, could similarly 

(14 , bp) ^ cap i blc of «"W"«^ gate egression In plants 
K^?/V d Tahm « 1995) and emerging data suggests that relatively shon speciGc sequences 
. am targeted by ^suppression. It sequences capable of ebating co-supprt^on^an b^c^rcd 
ectopicafly, u nughtprove possible to develop novel novel nucleoride-b^^ 

° fttC ra0leCUbr Of compression offers the potential to 

^°,T^°*^t^F™ mc ^ P at£0ts coaxing animal and human trar* genesis 

SSo^? mpormtly patents covenng the design of nov*| therapeutic agents rigH^ 



Risks 



Sa^^i^™^ ^ ^cal resources to make rapid progress with this 

search. Cc^suppressipn has become a topic ofmajor Interest in plant research anfwXwelr; 
not aware of^y fcrour^e^ this work to arumals, the merging Hr^TinX^f 
suggests s^hst^rworkislik^ 

£ k.posrfble that co-suppression occurs Only in plants. Although wc do not believe this is the 
cate. if wc fail to demonstrate its existence the programme wDlbe terrmSL 
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Research Rationale " 

The complex behaviour of CO-sappiession in plants indicate that careful experimental design win 
be critical for successfully detecting die process in mammals. Two important aspects which most 
be considered arc the frequency of co-suppression and the complex sectored nainre of co- 
suppressed phenotypes. 

In plants many independent transgenic lines arc frequently constructed but only a few lines show 
extreme co^nppresscd phenotypes. The frequency of stable phenotypes varies considerably 
. between constructs bin is often quite low, of the order of one per cent. Typically for mammalian 
. systems only & few transgenic events are analysed, we feel that success will require screening of 
. large cumbers of transformed cell lines. Mammalian tissue culture systems offer the Ability *t> r 
generate large numbers of transformation events, most experiments wiD therefore use such 
systems. For whole animal experiments large numbers of animals will bo created, only those 
showing extreme phenotypes will be maintained as lines. 

"Another critical consideration is the unstable sectored nature of co-suppressed phenotypes. Co- 
suppression would be extremely to detect if biochemical or molecular markers were analysed 
since variable intermediate values would be anticipated from sectored gene inactivation events. 
For this reason we have chosen to analyse easily scored markers. Viral immunity In tissue culture 
. offers particular advantages since it is an easily selected phenotypo. In other experiments we will 
use easily- scored visible markers which can be readily used to score unstable sectored gene 
inactivation events. 

Research Programme 

An Outline of the research project and projected timsscales is shown in Figure 1. there are two 
broad aims: ■ 

Objective 1: To establish the existence of co-suppression in mammals. 

To increase the likelihood of success and establish suitable models for the later stages of the 
programme three independent strategies will be pursued: 

LI Create viral immune lines by expressing viral sequences in stably transformed cell lines. 

We wul usc lvuc viruses for this approach since cell lysis provides very simple screens and also 
offer the abihey to directly select for poteoualljr rate transfoimarion events which might create 
viral inuuunity. We will conduct parallel experiments using two unrelated viruses, a simple 
jungle stranded RNA virus (Sinbds alphavicus) and a complex double stranded DNA virus. 
Herpes Simplex Virus I (HSV I)/BouYviruses are very well characterised and isolate^ clones, . 
.cell lines and expertise w^ 

•Marnroalianc^iines W^ 

:dnvenby ihe strong ; cytomegalovirus (CMV) promoter, Sequences to.be expressed win include 
specific constructs driving viral icplicasc genes and random "shotgun" libraries which will ' 
express all virus sequences, 

For viral polymerase.coristructs large numbers (approximately 100) of transformed cell lines will 
be generated then infected with the respective virus. For cells transformed with shotgun libraries 
very large mimbers (hundreds) of transformed lines will be generated and screened in bulk for 
viral immunity. 
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Any lilies obtained from such experiments win be used to more precisely define molecular and -'-^ 
biochemical characteristics of co-suppression as outlined in ObjStive 2 

12 Inactivate the expression of nuclear genes using a simple visual reporter system. 

Sf^ a f mp 1 %y isoaL rc P° ner w stably transform call lines with constructs consisting of 
Tt&I^TJf a *«~-«gulaiory protein which wUl normally repress the expression 

of the second gene specifying a simple visual marker gene, the green fluorescent motemftiFP) 
S^n^TT D r ^ fe^K as acoo™ceC^ 

SE^f Sl^m ad ° C f d Wbch ? nbe ^y* 1 visually. To increase tbelikclihood of 
two /f?°' c ° nstIucts ^ ^ difierent repressors, lac (Figge efoi. 
1988) and tet (ShooJcett eT at 1995). Expertise with these systems are available ia teak 

I^^™^^ 0 ™ 1 ? 3 ^ ^ ra ^? W^stmos. Cloned lines will be selected which 
background expression of GFP, but high levels of expression when induced by 
SSffi?*' £flc) ,°/i he rcmoval of tetracycline (for r«). Once characterised line/are * 
KttbUAed dieso could then be aupertransformed with cooitmcts cxprc^mg^r^or^ucnccs 

a^a^n^^o^ ^ ^ ^^^^^^^ ^ 

^•!!!: h J !? sily SG ° red ***** might also provide ideal systems for examining the 
effects of transient delivery of constructs as either gene cassettes, by using viral delivery systems 
orby direct delivery of oligonucleotide or oligoribonudcoddcs. ocavery systems 

13 Inactivating pigment biosynthesis in transgenic mice. 

I?^Z^^ > C ^ Sappt ^ $io ? ' w transgenic animals we will target inacdvation of pigment 
SX^^^^^^J 1 ^ ^^ 00 tem5 « 15 weU characterised genetically 
ggSS ffi.X&f*? V 0 ? 1 * Piaracnt production can be wmpletely 

^J™.^* a simple visual assay, albinism in black mice, bnt more importantly 
S^S'?£ IVaa0n T ld ^^y dctected - Fnrtkcrmore since mclanoc^Ln be 

SdS^^P 4V ^ t °f 0terd i ivi,1£ tyrosinasccDNA constructs wfll be prepared and 
r mbiy0S - ^"activanon events will bemomtoredV&yimd 
animaU -showing evidence of extreme albinism will be used to establish lines. Melafto^it^ni 
tecmtittxframsnchlir^wm-chwfflbesnb^ 

njnoe^ence for ^suppression is obtained from these experiments the programme will be 

ObjecfiVe 2: ltolecutar and blod,emical<*aracterisatipn Qf^drsnppmssioti in.mammals. 
'^^H^^Sf^^ Objcctivt: 1 wttpbtcntiaUypi^ 
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2.1 Molcoilar characterisation of co-suppression. 

Any sequences. Including sequences isolated from shotgun strategies, will be re-tested to confirm 
tostf efrectrvencw. Traosgcnc expression in co-suppressed lines will be examined tain* Northern 
Mote and nuclear runsra to determine whether gene inacuvation owua posnnn^tibnally^ 
seen in pkntjystems. Since multiple integrations correlate with co-snpp^on in plant ' 
systems-Soutncm blots will be used to determine any influence of trausgene copy number. 

jta plane ending evidence indicates that quite small sequences are targeted by co^UDDrc.tsinn 
. Thestablny of various deletion and/or ddn^RNASuences^ bl^y^d^™f^ 
agpiessed cell lines with a specific ahn of defining precisely those sequencei recognised by me 
S^CnSpSrit 05 ^ «k ™bcr of sy^s^ Suggest 

22 Biochemical analysis of co-suppression. 

A central issue with co-suppression Is the basis of sequence specificity. Waison-Crick base 
K?H k?"L to M TOlwd.thercforc ""M form of nucleic acid must determine this specificity 
^establishment of stable co-suppressed, fines will offer the opportunity to purify th ewe 
mS^SSm^!^ If sPf^Ztetestnaion of particular RNAs. An ihWassay for 
RNAstabihtywiU be developed and use as the basis ^purification. 

tfrit^JT* f< ? s&c f a ^ ce -^^ RNA degradation wqi be established. Using this assay 
factors which confer sequence specificity and are unique to co-suppressed IweTwin be mnified 
P^ular emphasis win beplaced on defining any nucleic adds ma^ta%urify^?ch" 
SSSuT^ P—ably detexmine specificity and JLJ^SSF* 

22 Optimising co-suppression in mammals. 

™^ V ?ir M ' P ^ CO-suppression in mammalian systems approaches that result in 
complete, stable gene inacnvadon at a high frequeacy must be developed. • 

It is anticipated matexperiments 2.1 and Z2 will provide rational approaches to specificallv 

fS£SS£& ^*cate ttatnovd types of constructs can be prepared which yilldahieher 
^ra^^l 1 ^?^. 04 - Graham; rapubUshed data). currcndyV^Xfmis 

anoopate t^mipr^yesign rules applicable: to maatnaUanVyS 
S e ^J^ 0dc - FaC?prs 5%* «?nfined include Wusebf mM^^cagxZs^-me v 
direct and mverted seqttenc^^d<thcde^gn.ahd:useofRNAstabiiisfeg sajueucesT^H 7^. 

Money • 

2Reaeafcb sdchtuts, 2 research assistants x 3 years 
iSSSSewL* tnassa ^ >1nkc to be contracted our, $60,000 
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EXHIBIT 9 



EXHIBIT C 



Pocket No.: 023004.0103X1US 
(PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Reexamination Application of: 
Michael W. Graham et aJ. 

Application No.: 90/007247 Confirmation No.: 6310 

Filed: October 4, 2004 Art Unit: 1639 

For GENETIC CONSTRUCTS FOR DELAYING Examiner B. M, Celsa 
OR REPRESSING THE EXPRESSION OF A 
TARGET GENE 



DECLARATION UNDER 37 C.F.R. S 1.131 

Customer Window, MS Amendment 
U.S. Patent and Trademark Office 
Randolph Building 
401 Dulany Street 
Alexandria, Vicginia 22314 

Dear Sir: 

I, Kenneth Reed, Ph.D., declare as follows: 

1. I am a resident and citizen of Australia. From early 1997 through to the filing of the 
priority document ("relevant time period") for the patent under reexamination, I was the Director 
of the Queensland Agricultural Biotechnology Centre (QABC), an operational centre of the 
Queensland State Government's Department of Primary Industries (DPI). Further, I was an 
observer on the board of directors for Ag-Gene Pty Limited, which subsequently became Benitec 
Limited, during this period of time. 

2. The laboratory facilities of Ag-Gene were located at the QABC from early 1997 until 
after the filing of the priority document for tlie patent under reexamination. During this period 
of time, all full-time research employees hired by Ag-Gene (such as Robert Rice) and DPI 
employees who conducted research for Ag-Gene and whose salaries were paid in part by Ag- 



Application No. 90/007247 

Amendment dated April 23, 2007 

Reply to Offi ce Action of January 24, 2007 



DocketNo.: 023004.0103X1US 



Gene (such as Michael Graham and Margaret Bernard) worked in the laboratory fecihties at 
QABC. 

3. As the former Director of QABC I am knowledgeable about the operations of QABC and 
when the fecilities were opened or closed during the relevant time period. 

4. AsanobseiverontheBoardofDhectorsofAg-GeneJamlaiowledgeableaboutme 
employees hired by Ag-Gene, when they were hired, for what purpose they were hired, and 
under whose direction they worked during the relevant time period 

5. I have reviewed the above-identuied reexanu'riati^ As I 
understand it, the presently claimed subject matter is generally directed to genetic constructs that 
are capable of delaying, repressing or otherwise reducing the expression of a target gene in ah 
animal cell, as well as methods for using these constructs and animal cells comprising these 
constructs. I understand that the presently claimed constructs comprise at least one structural 
gene sequence placed operably in a sense orientation under the control of a promoter and at least 
one structural gene sequence placed operably in an antisense orientation under the control of a 
promoter, where the structural gene sequences comprise a nucleotide sequence which is 
substantially identical to at least a region of a target gene, and where 

a. the multiple structural gene sequences are placed operably under the control of a 
single promoter sequence, where optionally me structural gene sequences in sense 
and antisense orientations are spaced from each other by a nucleic acid staffer 
fragment; or 

b. the structural gene sequences in sense and antisense orientations are each placed 
operably under the control of individual promoter sequences. , 

6. Exhibit 1 is my electronic diary entry of October 23, 1997 ("23/10/97"). This entry is 
related to a teleconference between myself, Geoff Lambert (at that time the Managing Director 
of Ag-Gene) and John Hunt (at that time a Non-Executi ve Director of Ag-Gene) . The diary 
entry states "Robert Rice re co-suppression (MWG)." The purpose of this entry was to remind 
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myself to discuss prospects of hiring Robert Rice, an inventor of the patent under current 
reexamination, to study co-suppression in animal cells under the supervision of Michael 
Graham, le„ "(MWG)." 

7. From what I recall, we wanted to hire someone with extensive experience in a range of 
molecular biological techniques and eukaiyotic plasmid design and construction to make a series 
of genetic constructs that correspond to the invention that is referred to in paragraph 5 above and 
that were later included in the patent application now under re-examination. I reviewed Dr. 
Rice's C. V. in November of 1997 to determine his skill set A copy of Dr! Rice's November 
1997 C.V. is attached as Exhibit 2. Dr. Rice had the experience in eukaiyotic plasmid design 
and construction that we were looking for. Further, his thesis topic was eukaryotic evolution and 
a study of eukaryotic divergence using ribosomal RNA sequence data and secondary structure 
remodeling. As such, Dr. Rice had experience with use of computers for systematic / 
bioinformatics analysis of DNA / RNA sequences. Ag-Gene decided to hire Dr. Rice sometime 
in November 1997 and extended an offer, which he accepted. 

8. Dr. Rice arrived in Australia to start work at Ag-Gene on December 21, 1997. As I 
mentioned, the laboratory facilities of Ag-Gene were located at the QABC, an operational centre 
of the Queensland State Government's Apartment of Primary Industries. The Queensland State 
Government provided paid leave for Christmas day (December 25), Boxing Day (December 26) 
and New Year's Day (January 1). Further, the Queensland State Government mandated that all 
State Government employees do not work on the days between December 26 and January 1 and 
that such days must be taken as part of employees' annual leave entitlement. As such, the 
QABC laboratories and offices were closed from December 25 - January 1, 1997, inclusive. No 
entry to the QABC laboratories by any individual was permitted throughout that period for 
Government-mandated safety reasons. Further, it was customary in 1997/1998 for employees to 
take as leave Christmas Eve, December 24 and other days into early January. 

9. It is my understanding that upon arrival Dr. Rice, under the supervision of DrGrahani, 
started researching the phenomenon of co-suppression in plants and designing a variety of DNA 
constructs to be used in animal models. It is my understanding that since the actual laboratory 
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Reply to Office Action of January 24, 2007 

facilities were not open over Christinas and into eaiiy January, 1998, Dr. Rice and Dr. Grahani 
spent the period between December 22, 1997 and mid-January 1998 meeting to discuss co- 
suppression and DNA construct designs. 

10. It is also my understanding the work of Dr. Rice and Dr. Graham narrowed down the 
exemplary constructs and Dr. Rice designed the approximately 35 plasmid constructs attached a: 
Exhibit 3 no later than the dates set forth in Exhibit 3. 

11. I declare that all statements made of my own knowledge are true and all statements made 
Oh information and belief I believed to be true. I make this declaration with the understanding 
that willful false statements and the like are punishable by fine or imprisonment, or both (18 
U.S.C. 1001) and may jeopardize the validity of the patent 





Kenneth Reed, Ph.D. 



Date 
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EXHIBIT 1 



lfi/lfl/57 9:90 AM Aquocutwa Industry Oevelc^ewnt Meeting: Lani W^t to attend. AoUoculture IextuStry 0*v*lopw*nt <South) 

Subprogram wetting with staff- loondoburn Training Centre, BttRC. Mike Potter to coafim and send further details at a later date. 
16/19/97 2:90 PM : 

10/13/37 Z;ee PM PU to sect with Peter Hcville: 

16/W97 S:10 PM SY0-BKC: AM136: 

17/10/97 Biodiversity Convention Working Croup on Biosafety; Montreal 

17/19/97 PLY Acting Director! 

. 17/10/97 KCft in London with Geoff Lowbert: 

17/19/97 11-99 AM PtY # MTC ft RGD to <*UcuJ£ O/BC TP: 

X7/19/97 3-30 PM Scmrwr - Mr Ti« Suite; "Boron Deficiency of avocado' Reap 323. Hartley Teakle B\a$ 

ZO/10/97 Kathleen Hefremoii to start wort at QARC: Trainee executive Assistant 

20/19/97 4:3d AM Meet with Michelle for wail: 

29/10/97 10:Oe AM Meet with Peer SchenV: 

20/10/97 12:3d PM lunch with Richard Lewis: General catch up 

20/16/37 3:60 PM Meet with KCR staff: 

21/10/97 LrOO PM OAfiC Senior Management: 

21/10/97 4:30 PM : 

21/19/97 5:30 pm <JAflC 6*8 C«tol**ley/KiHO: Tjlt Deer - Contraceptives for Bate I?" 

22/10/97 10:30 AN Alan Chang to wect with KCM i Re; scientific positions 

22/10/97 2:00 PM QABC Scientific Meeting: KCR to talk on London ft agrobocteriu* alternatives 

22/10/97 3:30 PM Kia Ceedrick: work performance ft progression 

23/10/97 Michelle on Rec Leave: 

23/19/97 Vctafor- to visit O/fiC: Colin ft Tony 

Z3/J9/97 9:00 AM Patent Attorney; Co-t oppress! on, benign selection, transgenic sterility tn. fish- Aust Provisional? USA? IK? 

aAO/97 12:00 PM Teleconference Og-Gene Beard Meeting): Ceoff La-be rt, John Hunt. Hire Patent Attorney to write 

patents ft inventory all relevant patents, re business strategy. Robert Rica re co-suppression 06W), Christina fludtfick <Rod Cake) 
2^ e/ ? 7 aj 4 l!M ™ "J*" 1 HProteoeei The Meat in the sanowich between aenoeics end cowelhatorial tWstry"; Rooe 22*, 

Molecular Biosciences Bail ding t Uq . 
23/10/97 loOfl PM lunch: Colin Da,vU, Tony Gestlcr, Pool St^tten 

21/10/97 2:09 PM' : 

23/19/97 2:00 PM Or Doug Wright to visit 0>BS; Chairwin. MCRC Advisory Croup 

23/10/97 5:00 PM Hoare-Covett phone: 

24/10/97 Ralf ft Colleen in China: can be reached via eweil Cocgil«public.wh. hb.cn) end fax C0015- 86-27-681 6451) of 

Professor Xu Zeyong at the Oil Crops Research Institute in Wuhon 

24/12/97 t:94 AM Meet with Peter Young and Peet Stepson: 

24/10/97 9:00 AH QRBC Lob neetingx ' 

24/10/97 11:00 AM Adwin Wing: fT, KS. ML. NC. KCR 

24/10/97 12:30 Pm Brian King to weet with KCR: 

24/10/97 3:00 PM Cheryl McCaffery at Q«IC: unlauest <ex-Florigene; ref Janet Coffin); grains blotech workshop at Bribie? 

adviec re John Hughe* to handle pbento- patent*, need for knowledge of all relevant TP. Stressed need for IP manager in Ag-Cene: 

*ugoe*ted contracting patcnx expertise if protection. e"fbree**nt and wingeoent of JP is not core business. 

24/18/97 3:30 PM Seoihqr: "Sane applications of nolecular narkcrs to sorgho* breeding progranS" David. Jordan, Roe* 323. . 

hartley Teakle Bldg . 

24/10/97 4:00 PM Mick Crahae wants KCR car: 

? 5/ ^ fi/97 , *»\f ft Colleen in China: can be readied via eeail CocgllOpubUc.%*. hb.cn) and fax C001S-*6-Z7-ttl 64S1) of 

Professor Xu 2eyonp at the Oil Crops Research Institute in Wuhan 
25/10/97 0:99 AM Coif with Deeyne Kirk: St Lucie • 

2S/10/97 4:00 PM Aeandd ft Dwayne's Wedding: 

26710/97 Rolf ft Colleen in China: can be reached vio eMail <ocflll0puMic-*h.hb.cn) and fax (091S- B6-27-681 6451) of 

Professor Xu Zeyong et the Oil Crops Research Institute in Wuhan 
.26/19/97 9:02 AM Calf at Nudgee: Mike Sywons, John Willioason. Victor 

27/10/97 Rolf & Colleen in China: can be reached via email Cocgil«P«blic.nh.hb.cn) and fox C0015-W-Z7-441 6451) of 

Professor Xu Zeyong at tne Oil Crops Research Institute in Vuhan 

27/10/97 ' 2:00 PM Brian King: ' 

27/10/97 3:00 PM KCR to Meet with Warren Hoey: 

WW* 7 * Colleen in China: can be reached via eaail Cocgil^publ ic.nh.hb.cn) and fax C001S-R6. 27-641 64S1) of 

Professor Xu Zeyong at the Oil Crops Research Institute in Wuhan 

?^* 7 A a ^ • *>«^»P «t Bribie: -Strategic directions for grains, oilseeds, sugar and fibre crops "ftlARC Conference 
Centre: send info to Bryan Whan 

n^? 7 ~, , Hfll ^f ^ rt Woa= can be reached via eeail <oc e i l0pubUc.eh.hb.cn) and fax C«01S-M-27^fll 64S1) of 

/ Professor XU Zeyong at the Oil Crops Research Institute in Wuhan • 
29yi»/97 S:30 PM Brisbane 0evelop#entol Biology SeMinflr: Q4CB Sewfnar mow third floor, Ritchie laboratories HQ St Ucia 

CaepusGraha. Kay ^pMBU TOPIC Screemng Blaxtacysts for Uartntcd Cenes.Beer and Pi«a will be P rOvi«e4 courtesy of life 
technology. * 

30/10/97 Ralf ft Colleen in China: can be reached via eoail CocglUfrubllc.eh.hb.cn) and fax C0015-S6 -27-4*1 64S1) of 

Professor Xu 2eyong at the Oil Crops Research Institute in Wuhan 
30/19/97 2:99 PM - 

.31/10/97 Ralf ft Colleen in China: can be reached via ewaii <ocgil«public.eh.hb.en) and fax rt»lS-B6-Z7^81 of 

Professor XU Zeyong at the Oil Crops Research Institute \ n Wwhah 
31/10/97 S:09 AM ion Jbnes: phone 

31/19/97 9:00 AM QAfiC lab Meeting? 

il/10/97 19:99 AM ' KCR Lao weetlng: 

31/19^7 usee am Vivien McAnna to cowe to QAflC: re: the possibility of Ithaee Tafe being responsible for our conuter 

maintenance. Vivien has expressed soae interest in this and is sure we can coee to sooe arrongettents 

31/10/97 12:99 PM CMCB sewinor = Maize tronsposons and transgenic touato: a po«errul co^tnation for cloning genes and 

^*?°*Z nr * CqMcn J C * frfm P^nts.Centrc for nolecular and Cellular Biology. Smnar Room Lcvol 3 Ritchie Research Bailding. 
aiywgy 12:9Q PM Marsupial CRC group aeeting in KCR'* Offices 

323 t K^rUey^ea^e^ or ^ doe, your xorghu^ grc V Pro f. Ric^pr Vandcrlip. Kan*** 5 tate 



EXHIBIT 2 



CURRICULUM VITAE 



Robert Rice 

PERSONAL DETAILS 



Address : Apicuhiral Service Manager (South Island) 

Ministry of Agriculture 
P.O. Box 24, 
Lincoln, 
New Zealand. 
Telephone 64-3-3253920 
Fax 64-3-3253918 
E-mail ricer@lincoln.mqm.govt.nz 



Home Address : House 62, 

Lincoln University, 
Lincoln, New Zealand. 
Telephone 64-3-3253317 

Date of Birth : 28 th of October, 1958 

Marital Status : Married 

Citizenship : Australian 



EDUCATION 

QUALIFICATIONS AND TRAINING 

Tertiary 

1 996 Doctorate of Philosophy 

Thesis Title is "The Molecular Taxonomy of Two Microsporidia". 
Australian National University, Canberra ACT 
Submission Date 31/5/1996 

1 992 Bachelor of Science (Honours Degree) 

Thesis Title : "The isolation of a putative alkaline protease gene from 
Aspergillus nidulans " 
Awarded 1st Class Honours 

University of New England, Armidale, New South Wales. 

1 99 1 Bachelor of Science (Majored in Genetics) 

University of New England, Armidale, New South Wales. 



1 



Associate Diploma in Rural Techniques (Apiculture) 
Queensland Agricultural College, Lawes, Queensland. 



WORK EXPERIENCE 



1995- Apiculture Services Manager, Ministry of Agriculture, Lincoln, New 

Zealand. 

1 993-94 Demonstrator (Casual), Biological Sciences 

Botany and Zoology Department 
Australian National University, 
Canberra ACT 

1 985-1988 Production Manager for Apiary Operations 

Rice's Aussie Bee Farm, Beaudesert, Queensland. 

1983-1984 Field Agent 

National Mutual Life Association 

1 980-1 983 Production Manager 

Rice's Aussie Bee Farm, Beaudesert, Queensland. 

1 978-1 979 Honeybee Technologist 

Rice's Aussie Bee Farm, Beaudesert, Queensland. 
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Selection Criteria 



Pre-requisite: 



1.0 A PhD degree in molecular biology 

I am about to submit a thesis for a Doctorate in Philosophy for which the research subject is entirely 
molecular biological in nature. The thesis is entitled OThe Molecular Taxonomy of Two 
Microsporidia.6 The impending completion of my Doctorate meets the terms of the fellowship in that 
I have not had more than 3 years of relevant post-doctoral experience. 

2.0 Task Areas and Associated Principal Activities 

2. 1 Proven research ability in molecular biology including molecular genetics 

To demonstrate my research ability in both molecular biology and molecular genetics I will 
summarize laboratory research in recent years. 

Bachelor of Science Honours Degree Research Summary 

A genomic library was constructed for the fungus A. nidulans in the vector Lambda Gem-11. PCR 
primers were designed and a probe amplified from A. oryzae genomic DNA. The PCR-amplified 
probe contained sequence encoding the three conserved amino acid residues in the A. oryzae alkaline 
protease gene and flanking sequence known to be homologous within the subtilisin family. The A. 
nidulans genomic library was screened using this PCR-amplified probe. Two lambda transformants 
that potentially contained the putative alkaline protease gene of A. nidulans were isolated. Phage 
genomic DNA was isolated from these transformants and a restriction map of the inserts constructed. 
The maps suggested that a region of approximately 3 kb, containing two adjacent Xho I fragments, 
appeared to be in common between the two lambda clones. Southern blot analysis demonstrated that 
this 3 kb region and a Sac I/Eco RI sub-fragment from within this region were homologous to the 
PCR-amplified probe. A probe was constructed using this Sac I/Eco RI fragment. 

Total RNA was isolated from the mycelium of five strains of A, nidulans. These strains exhibit a 
known pattern of protease expression when grown under different nutrient limiting and non-limiting 
conditions. Dot blot analyses of total RNA with the Sac I/Eco RI probe exhibited hybridization 
patterns consistent with the pattern of protease expression known to occur for the five mutant strains 
of A. nidulans. These results provided supportive evidence that all or part of the putative alkaline 
protease gene from A. nidulans had been isolated. 

The nucleotide sequence of the A. nidulans alkaline protease gene was determined. The gene was 
found to be composed of four exons separated by three introns. 

Doctorate Research Summary 

The microsporidia are a very ancient group of obligate parasitic protists. They have an extensive host 
range including members of the phyla Arthropoda and Chordata. The microsporidia are known to 
have unusual cytological and molecular characteristics and have ribosomes and ribosomal RNAs 
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(rRNA) that are prokaryotic in size. Morphology, life cycle and host specificity studies of a few 
microsporidia have provided the necessary information for the taxonomic classification of 
microsporidia. However, there is considerable debate as to the accuracy of this taxonomic 
classification. The subject of this thesis is to determine the true taxonomic classification of the 
microsporidia. For this study the complete ribosomal operon was sequenced for one of two species of 
microsporida while the internal transcribed spacer and the large subunit were sequenced for the other 
species of microsporidia. 

In order to undertake this research, several new techniques were developed. Because of the obligate 
intracellular parasitic nature of microsporidia the only phase of the life cycle from which genomic 
DNA can reliably be extracted is during the resting or spore phase. At this stage of the parasite's life 
cycle, it is enclosed in an extremely tough proteinaceous coat. This resting or spore stage allows the 
organism to survive in the environment while transferring from its dying host to a new host. The spore 
is ingested and germinates in response to host-specific chemical and ionic stimuli or otherwise it 
passes out with the feaces and again waits to be ingested by a new host. To obtain the high molecular 
weight genomic DNA required for this research, it was necessary to design protocols that 
encompassed both germination and DNA isolation for each species of microsporidians. The protocol 
for each species was different as the specific stimuli to trigger germination for both species of 
microsporidians was found to be different. 

Secondly, as the non-transcribed spacer was to be sequenced it was necessary to develop a PCR 
technique that reliably amplifies fragments greater than 5kb, allowing for the use of conserved 
sequences within the ribosomal DNA. Kits are now available for expanded PCR. However* these kits 
were not available at the time this research was undertaken. Research reports published in 1993-94 
demonstrated the potential for expanded PCR using lambda clones. In conjunction with these reports I 
developed a protocol that allowed for the amplification of fragments containing the non-transcribed 
spacer from genomic DNA. Eventually, I was able to amplify the entire ribosomal operons of the two 
microsporidians under study directly from genomic DNA. Furthermore, I demonstrated the usefulness 
of this technique by amplifying the entire ribosomal operon from the yeast Cryptococcus neoformans 
and then by amplifying entire plasmids containing inserts. This technique is potentially useful for site- 
directed mutagenesis of plasmid inserts. 

I also have experience in cloning of large fragments, site-directed deletion, dye primer sequencing and 
dye terminator sequencing from clones and PCR products, together with sequence analysis using a 
number of software packages. 

The results from my Doctorate research will be shortly available via my thesis and journal articles. 

3.0 Professional/Technical Skills and Experience 

3. 1 Experience in constructing genome libraries 

As outlined in (2.1) above, I have experience with constructing genomic libraries. As part of my 
honours degree research program I constructed a genomic library for the fungus Aspergillus nidulans 
in the vector Lambda Gem 1 1 . The titre of this library was approximately 8 times that required for full 
representation of the A. nidulans genome. Additionally, isolated clones were mapped for a range of 
restriction sites. 

3.2 Experience in DNA manipulation and mutagenesis 
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As outlined in (2.1) above, I have experience in DNA manipulation and mutagenesis. 
Technical skills include:- 

• PCR both standard and extended 

• Cloning in either plasmid or phage vectors 

• Site-directed deletions by restriction digest and exonuclease digestion 

• Insertion mutations by restriction and synthetic fragment insertion 

• Site-directed mutations using extended PCR 

3.3 Experience in communicating on a professional level 

3.3.1 Scientific Communication. 

Doctorate of Philosophy Thesis, 1 996. 

The molecular taxonomy of two microsporidians. 

Principal Supervisors Dr. D. Anderson and Dr. P. Cooper 

Honours Thesis, 1992. 

The isolation of a putative alkaline protease gene from Aspergillus nidulans. 
Supervisor Dr. M. E. Katz. 

Isolation of an alkaline protease gene and regulation of extracellular protease 
production in Aspergillus nidulans. (1 994) Gene 150, 287-292. 
Margaret E. Katz> ; Robert N. Rice, Pam K. Flynn. 

Paper Presented to the 17th Fungal Genetics Conference, Asilomar, California, 1993. 
Molecular and genetic analysis of extracellular protease production in Aspergillus 
nidulans. 

Margaret E. Katz, Robert N. Rice, Pam K. Flynn, and Brian F. Cheetham. 

Paper Presented to the Lome Genome Conference, Lome, Victoria, 1994. 
Regulation of extracellular protease production in Aspergillus nidulans. 
Margaret E. Katz, Pam K. Flynn, Amir Masoumi, Robert N. Rice, Patrica van Kuyk, 
and Brian F. Cheetham. 

3.3.2 Commissioned Survey and Disease Reviews. 

A survey commissioned by The Ministry of Foreign Affairs and Trade, Wellington, 
New Zealand. March 1 996. 

A survey of blister beetles in honey bee colonies on Guadalcanal, Solomon Islands. 
Robert N. Rice and G. Murray Reid. 

A review and risk analysis commissioned by the Ministry of Agriculture Regulatory 
Authority, Wellington, New Zealand. April 1996. 

European foulbrood, an exotic honey bee disease to New Zealand: An 
epidemiological review and risk analysis. 
Robert N. Rice. 

3.3.3 Industry Publications. 
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Disease Facts Part 1: Nosema apis a pathogen of honey bees. 
Beefax Vol 1 : 1 (1 995), Ministry of Agriculture - Quality Management. 
Taraunga, New Zealand. 
Robert N.Rice 

Disease Facts Part 2: Nosema apis a pathogen of honey bees. 
Beefax Vol 1 :2 (1995), Ministry of Agriculture - Quality Management. 
Taraunga, New Zealand. 
Robert N. Rice. 

European Foulbrood a pathogen of honey bees. 

Beefax Vol 1 :4 (1996), Ministry of Agriculture - Quality Management. 

Taraunga, New Zealand. 

Robert N. Rice. 

Undoing the biological zipper. 

Beefax Vol 1:5(1 996), Ministry of Agriculture - Quality Management. 
Taraunga, New Zealand. 
Robert N. Rice. 

3.4 Experience in the use of computers and database analysis. 

My experience in using computers and database analysis is quite extensive. I am fluent in the use of 
commercial software such as Windows, Word for Windows, Excel (Microsoft) and WordPerfect for 
Windows (WordPerfect Corporation). 

For research purposes I have used GCG (Genetic Computer Group, Inc.), PAUP - Phylogenetic 
analysis using parsimony (Swofford, D.L.), RNAJ)2 (Dorisse-Perochon, J. and Michot, B.), DCSE - 
Dedicated Comparative Sequence Editor (De Rijk, P.) and CARD - A computer program for drawing 
RNA secondary structure models (Winnepenninckx, B. et al) 9 SEAVIEW and PHYLO WIN - two 
graphic tools for sequence alignment and molecular phytogeny. 

In addition to the use of the above mentioned software, I am fluent in the use of the internet including 
the World Wide Web, Gopher and FTP (File Transfer Protocol). 



4.0 Personal Attributes 



4. 1 Proven ability to interact cooperatively and harmoniously with a variety of staff members and 
collaborators. 

I demonstrate my abilities to interact cooperatively and harmoniously with others in two ways. 

With the assistance of three employees I was directly responsible for the maintenance of 1,000 honey 
producing colonies, 7,000 mating colonies and 750 support colonies used in the maintenance of the 
mating colonies. 
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Secondly, as Apiculture Service Manager (South Island) for the Ministry of Agriculture - Quality 
Management, I work as part of a team, the National Apicultural Business Unit (NABU). Within this 
team I am responsible for the delivery of apiculture services to Government and beekeeping industry 
clients within the South Island of New Zealand. Major components of this role include: co-ordination 
and contribution to design of surveillance programmes for detection of exotic bee diseases such as 
European foulbrood disease, Varroa, Tropilaelaps and Acarapis mites; apiculture training for staff; 
implementation of response plans for exotic bee diseases; design and implementation of an endemic 
(American foulbrood) disease control programme; extension activities with individual beekeepers to 
help them control disease and improve the profitability of their operations; export certification; 
providing technical advice to Government on apicultural issues; providing consultant services; 
implementing provisions of the Apiaries Act and related legislation. Within this position I have 
additional technical roles as a bee disease epidemiologist and researching technical improvements to 
surveillance and disease response systems. As demonstrated by the broad range of my duties it is 
necessary that I have the ability to interact co-operatively and harmoniously with a large number of 
people from diverse backgrounds both occupational and ethnic. 



4.2 Demonstrate the ability to work effectively without close, direct supervision. 

As outlined in (4.1) I have clearly demonstrated my abilities in working effectively without close, 
direct supervision. This ability was necessary both in my occupation as production manager for A 
"Rice's Aussie Bee Farm" and in my current position as Apiculture Service Manager. 

4.3 Ability to work in accordance with EEO, OH&S and Industrial Democracy principles. 

I personally have a commitment to working in and support of the Equal Employment Opportunities 
(EEO) environment. I am fully aware of the principles of Occupational Health and Safety (OH&S) 
and Industrial Democracy. The Ministry of Agriculture operates entirely within this environment and 
under these principles. 



5.0 Commitment 

5. 1 Demonstrate commitment to a high level of personal performance and the provision of quality 
outcomes. 

High levels of personal performance and quality outcomes are the corner stone of my philosophy of 
life. I am a highly self-motivated individual and have shown a high degree of initiative. A summary of 
my life's achievements demonstrates these qualities. As the production manager of "Rice's Aussie 
Bee Farm", a highly successful and internationally recognized company, it was my responsibility to 
meet production deadlines, fulfilling the needs of clients both nationally and internationally. This 
dedication to the clients' needs generated on-going business from clients over many years. As a self- 
employed, commissioned-based field agent for the National Mutual Life Insurance Company, my 
income was governed by my ability to prospect for and generate sales of products marketed by 
National Mutual. In my first year as a field agent I received an award for meeting of sales goals set by 
National Mutual. At age 28 I took it upon myself as a married person with children to further my 
education. This education process has encompassed the completion of a science degree, honours 
degree and currently a doctorate. In order for me to undertake my Doctorate it was necessary for me 
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to apply for and be awarded a research grant from the Honey Bee Development and Research 
Council. 



5.2 Ability to adapt to changes in procedural demands in the course of a project. 

I would have to say that adaptability is my middle name. In the course of this application I have 
demonstrated my ability not only to adapt to changes within a specific field but have also 
demonstrated my ability to adapt to complete changes in fields of pursuit. 

Referees 

DrD. Anderson, CSIRO Division of Entomology, GPO Box 1700, Canberra, ACT, 2601. 

Dr P. Cooper, Botany and Zoology Department, Australian National University, Canberra ACT 
0200. 

Dr P. Keese, CSIRO Division of Plant Industries, GPO Box 1600, Canberra, ACT, 2601. 

Dr A. Gibbs, Research School of Biological Sciences, Australian National University, Canberra 
ACT, 0200. 
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